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CHAPTER 1 
INTRODUCTION 



1.0 INTRODUCTION TO THE 
MCS®-48 FAMILY 

In 1980 Intel increased the performance of the 
MCS-48 family by converting much of the pro- 
duct line to HMOS technology. HMOS is a 
high-performance N-MOS technology devel- 
oped by Intel. Some of the technical im- 
provements are highlighted in Table 1-2. 

Since 1976 Intel has offered products for the 
full range of single-chip microcomputer ap- 
plications by pushing the 8048's architecture 
and technology in several directions. The 
8749/8049 runs nearly twice as fast as the 
8748/8048 while doubling the amount of on- 



chip program memory and data memory. The 
recently introduced 8050AH again doubles the 
on-chip RAM and ROM of the 8049. Applica- 
tions requiring solely external program 
memory are satisfied with the 8035 and 8039. 
Cost-sensitive and less I/O intensive applica- 
tions incorporate the 8021 which executes a 
subset of the 8048's instruction set at a slower 
speed. The 8022 integrated an 8-bit A/D con- 
verter onto the 8021 die to allow the chip to in- 
terface directly to a world in which most 
signals are analog. Finally, the 8020H put the 
802 1H CPU performance into a 20- pin, 300 
mil wide package for space-critical applica- 
tions. Table 1-1 positions these products 
relative to their on-chip features. 



Table 1-1. MCS-48 Product On-Chip Features 





8050H 


8749H 


8049H 


8748 


8048H 


8022 


8021 H 


8020H 


8-Bit CPU 


✓ 


✓ 


J 


✓ 


J 


J 


/ 


J 


Program Memory 


4K x 8 
ROM 


2K x 8 
EPROM 


2K x 8 
EPROM 


IK x 8 
EPROM 


IK x 8 
ROM 


2K x 8 
ROM 


IK x 8 
ROM 


IK x 8 
ROM 


Data Memory 


256 x 8 
RAM 


128 x 8 
RAM 


128 x 8 
RAM 


64 x 8 
RAM 


64 x 8 
RAM 


64 x 8 
RAM 


64 x 8 
RAM 


64 x 8 
RAM 


I/O Lines 


27 


27 


27 


27 


27 


28 


21 


13 


8-Bit Timer/Counter 


✓ 


J 


/ 


J 


J 


✓ 


J 


J 


Reset 




J 


J 


J 


J 


J 


J 


J 


Interrupt 


✓ 


✓ 


✓ 


J 


✓ 


•1 


J 


J 


Oscillator and Clock 


J 


V 


J 


✓ 


✓ 


J 


J 


J 



In 1980 Intel increased the performance of the 
MCS-48 family by converting much of the pro- 
duct line to HMOS technology. HMOS is 
a high-performance N-MOS technology 
developed by Intel. Some of the technical im- 
provements are highlighted in Table 1-2. 



■ 



Table 1-2. Comparison Between 8048H 
and 8048 





Industry's 
8048 


Intel's 
8048H 


Cycle Time ( /isec) 


2.5 


1.9 


ICC (typ, mA) 


65 


40 


Vdd (Standby 






voltage) min V 


5 


2.2 


IDD (Standby cur- 






rent, max) mA 


15 


8 
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This transition of processes, the popularity of 
the architecture and the learning curve 
phenomena continue to make the MCS-48 
family a cost-effective solution for tomorrow's 



Table 1-3. 8051 Functions/Speed 
Relative to 8048 



The popularity of this line of single chips is 
also due to the support tools Intel has provided 
to the marketplace. EPROM microcomputers 
continue to be indispensable tools in prototyp- 
ing and limited production. Training courses 
bring skilled instructors to teach the basics of 
the MCS-48 family to help you design your 
end product quickly. In-circuit emulation pro- 
vides aid between the difficult bridge of soft- 
ware and hardware debugging. The literature, 
consisting of application notes, software pro- 
grams, data sheets and user manuals, is a 
powerful tool in learning the unique features 
of the MCS-48 architecture. 

1.1 INTRODUCTION TO MCS®-51 

The goal of the MCS-51 family is to extend the 
architecture of the industry standard MCS-48 
family into the 80s. This meant increasing the 
performance of the MCS-48's CPU as well as 
increasing the power, variety and quantity of 
on-chip CPU peripherals. 



• 4X Program Memory (4k Bytes) 

• 2X Data Memory (128 Bytes) 

• 2X Register Banks (4 vs. 2) 

• 2X Timers (Two 16-bit Timers) 

• New Full-Duplex Serial I/O Port 

• More I/O Pins (32 vs. 27) 

• Enhanced MCS-48 Architecture 

• 2ViX to 10X Execution Speed 



The MCS-51 family currently consists of three 
products: the 8051, the 8031, and the 8751. 

The 8051 is a stand-alone high-performance 
single-chip computer intended for use in 
sophisticated real-time applications such as in- 
strumentation, industrial control and in- 
telligent computer peripherals. It provides the 
hardware features, architectural enhancements 
and new instructions that make it a powerful 
and cost effective controller for applications 
requiring up to 64K-bytes of program memory 
and/or up to 64K-bytes of data storage. A 
Logic Symbol is shown in Figure 1-1. 



As a result, the MCS-51 family addresses ap- 
plications that require a high degree of on-chip 
functionality. It is the highest performance 
microcomputer family in the world and out- 
performs all microprocessors and microcom- 
puters in control-oriented applications. Its 
enhanced architecture offers an upward com- 
patible growth path for MCS-48 users. Table 
1-3 outlines these features. 



RXD 92 o 
TKD P3 i 



PSE*- 
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I ADDRESS 
/ AND 
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PORT 2/ 

ADDRESS 

BUS 



Pin Configuration 



Logic Symbol 
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The 8031 is a control-oriented CPU without 
on-chip program memory. It can address 
64K-bytes of External Program Memory in ad- 
dition to 64K-bytes of External Data Memory. 
For systems requiring extra capability, each 
member of the MCS-51 family can be expand- 
ed using standard memories and the byte 
oriented MCS-80 and MCS-85 peripherals. 
The 8051 is an 8031 with the lower 4K-bytes of 
Program Memory filled with the on-chip mask 
programmable ROM while the 8751 has 
4K-bytes of UV-light-erasable/electrically- 
programmable ROM. 

These three pin-compatible versions of the 
MCS-51 family (8051,8031,8751) reduce 
development problems to a minimum and pro- 
vide maximum flexibility. The 8751 is well 
suited for development, prototyping, low- 
volume production and applications require- 
ing field updates; the 805 1 for low-cost, high- 
volume production; and the 8031 for applica- 
tions desiring the flexibility of external Pro- 
gram Memory which can easily be modified 
and updated in the field. 

1.2 INTEL MICROCONTROLLER 
DEVELOPMENT SYSTEM AND 
SOFTWARE SUPPORT 

• ASM-48 Absolute macro assembler for 

the 8048H/8049H/8050H/ 
8022/802 1H/8020H 

• ICE-49 Real-time in-circuit emulator 

for 8048H/8049H 



•HSE-49 Single board 1 1 MHz evalua- 
tion tool with limited real- 
time emulation 

• UPP-848 8748 personality card for 

UPP-103 Universal PROM 
Programmer 

• UPP-549 8749/8748H PROM program- 

mer adaptor socket 

• ASM5 1 Absolute macro assembler for 

the 8051. 

• CONV51 8048 assembly language 

source code to 8051 assembly 
source code conversion pro- 
gram. 

• EM-51 8051/8751 emulator board 

that uses a modified 8051 and 
an EPROM. 

• ICE-51™ Real-time in-circuit emulator. 

• SDK-51 System design kit for develop- 

ing user Prototype around the 
8051. 

• UPP-551 8751 personality card for 

UPP-103 Universal PROM 
Programmer. 

• 8051 Workshop. 



• ICE-22 Real-time in-circuit emulator 

for 8022/802 1H/8020H 

• EM-2 8022/802 1H/8020H emulator 

board 
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CHAPTER 2 
THE SINGLE COMPONENT MCS®-48 SYSTEM 



2.0 INTRODUCTION 

Sections 2.1 through 2.4 describe in detail the 
functional characteristics of the 8748 and 
8749H EPROM, 8748H/8049H/8050H ROM, 
and 8035/8035HL/8039HL/8040HL CPU 
only single component microcomputers. 
Unless otherwise noted, details within these 
sections apply to all versions. Section 2.5 
describes the operation of the 8020H/8021H 
and Section 2.6 describes the 8022. This 
chapter is limited to those functions useful in 
single-chip implementations of the MCS-48. 
Chapter 3 discusses functions which allow ex- 
pansion of program memory, data memory, 
and input output capability. 

2.1 ARCHITECTURE 

The following sections break the MCS-48 
Family into functional blocks and describe 
each in detail. The following description will 
use the 8048H as the representative product 
for the family. See Figure 2-1. 

2.1.1 Arithmetic Section 

The arithmetic section of the processor con- 
tains the basic data manipulation functions of 
the 8048H and can be divided into the follow- 
ing blocks: 

• Arithmetic Logic Unit (ALU) 

• Accumulator 

• Carry Flag 

• Instruction Decoder 

In a typical operation data stored in the ac- 
cumulator is combined in the ALU with data 
from another source on the internal bus (such 
as a register or I/O port) and the result is 
stored in the accumulator or another register. 



The following is more detailed description of 
the function of each block. 

INSTRUCTION DECODER 

The operation code (op code) portion of each 
program instruction is stored in the Instruction 
Decoder and converted to outputs which con- 
trol the function of each of the blocks of the 
Arithmetic Section. These lines control the 
source of data and the destination register as 
well as the function performed in the ALU. 

ARITHMETIC LOGIC UNIT 

The ALU accepts 8-bit data words from one or 
two sources and generates an 8-bit result under 
control of the Instruction Decoder. The ALU 
can perform the following functions: 

• Add With or Without Carry 

• AND, OR, Exclusive OR 

• Increment/Decrement 

• Bit Complement 

• Rotate Left, Right 

• Swap Nibbles 

• BCD Decimal Adjust 

If the operation performed by the ALU results 
in a value represented by more than 8 bits 
(overflow of most significant bit), a Carry Flag 
is set in the Program Status Word. 

ACCUMULATOR 

The accumulator is the single most important 
data register in the processor, being one of the 
sources of input to the ALU and often the 
destination of the result of operations per- 
formed in the ALU. Data to and from I/O 
ports and memory also normally passes 
through the accumulator. 
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2.1.2 Program Memory 



Resident program memory consists of 1024, 
2048, or 4096 words eight bits wide which are 
addressed by the program counter. In the 8748 
and the 8749H this memory is user program- 
mable and erasable EPROM; in the 
8048H/8049H/8050H the memory is ROM 
which is mask programmable at the factory. 
The 8035/8035HL/8039HL/8040HL has no 
internal program memory and is used with ex- 
ternal memory devices. Program code is com- 
pletely interchangeable among the various ver- 
sions. To access the upper 2K of program 
memory in the 8050H, and other MCS-48 
devices, a select memory bank and a JUMP or 
CALL instruction must be executed to cross 
the 2K boundary. See Section 2.3 for EPROM 
programming techniques. 
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LOCATION 7 - TIMER 
INTERRUPT VECTORS 
PROGRAM HERE 



_ LOCATION 3 - EXTERNAL 
INTERRUPT VECTORS 
PROGRAM HERE 

_RESET VECTORS 
PROGRAM HERE 



There are three locations in Program Memory 
of special importance as shown in Figure 2-2. 

LOCATION 

Activating the Reset line of the processor 
causes the first instruction to be fetched from 
location 0. 

LOCATION 3 

Activating the Interrupt input line of the 
processor (if interrupt is enabled) causes a 
jump to subroutine at location 3. 

LOCATION 7 

A timer/ counter interrupt resulting from 
timer/ counter overflow (if enabled) causes a 
jump to subroutine at location 7. 

Therefore, the first instruction to be executed 
after initialization is stored in location 0, the 
first word of an external interrupt service 
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Figure 2-2. Program Memory Map 



Figure 2-3. Data Memory Map 
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subroutine is stored in location 2, and the first 
word of a timer/counter service routines is 
stored in location 7. Program memory can be 
used to store constants as well as program in- 
structions. Instructions such as MOVP and 
MOVP3 allow easy access to data "lookup" 
tables. 



2.1.3 Data Memory 



Resident data memory is organized as 64, 128, 
or 256 words 8-bits wide in the 8048H, 8049H 
and 8050H. All locations are indirectly ad- 
dressable through either of two RAM Pointer 
Registers which reside at address and 1 of the 
register array. In addition, as shown in Figure 
2-3, the first 8 locations (0-7) of the array are 
designated as working registers and are direct- 
ly addressable by several instructions. Since 
these registers are more easily addressed, they 
are usually used to store frequently accessed 
intermediate results. The DJNZ instruction 
makes very efficient use of the working 
registers as program loop counters by allowing 
the programmer to decrement and test the 
register in a single instruction. 

By executing a Register Bank Switch instruc- 
tion (SEL RB) RAM locations 24-31 are 
designated as the working registers in place of 
locations 0-7 and are then directly addressable. 
This second bank of working registers may be 
used as an extension of the first bank or re- 
served for use during interrupt service 
subroutines allowing the registers of Bank 
used in the main program to be instantly 
"saved" by a Bank Switch. Note that if this se- 
cond bank is not used, locations 24-31 are still 
addressable as general purpose RAM. Since 
the two RAM pointer Registers R0 and Rl are 
a part of the working register array, bank 
switching effectively creates two more pointer 
registers (RO'and RIO which can be used with 



R0 and Rl to easily access up to four separate 
working areas in RAM at one time. RAM loca- 
tions (8-23) also serve a dual role in that they 
contain the program counter stack as ex- 
plained in Section 2.1.6. These locations are 
addressed by the Stack Pointer during 
subroutine calls as well as by RAM Pointer 
Registers R0 and Rl. If the level of subroutine 
nesting is less than 8, all stack registers are not 
required and can be used as general purpose 
RAM locations. Each level of subroutine 
nesting not used provides the user with two ad- 
ditional RAM locations. 

2.1.4 Input/Output 

The 8048H has 27 lines which can be used for 
input or output functions. These lines are 
grouped as 3 ports of 8 lines each which serve 
as either inputs, outputs or bidirectional ports 
and 3 "test" inputs which can alter program se- 
quences when tested by conditional jump in ; 
structions. 

PORTS 1 AND 2 

Ports 1 and 2 are each 8 bits wide and have 
identical characteristics. Data written to these 
ports is statically latched and remains un- 
changed until rewritten. As input ports these 
lines are non-latching, i.e., inputs must be pre- 
sent until read by an input instruction. Inputs 
are fully TTL compatible and outputs will 
drive one standard TTL load. 

The lines of ports 1 and 2 are called quasi- 
bidirectional because of a special output cir- 
cuit structure which allows each line to serve as 
an input, an output, or both even though out- 
puts are statically latched. Figure 2-4 shows 
the circuit configuration in detail. Each line is 
continuously pulled up to V cc through a 
resistive device of relatively high impedance. 
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Figure 2-4. "Quasi-bidirectional" Port Structure 
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This pullup is sufficient to provide the source 
current for a TTL high level yet can be pulled 
low by a standard TTL gate thus allowing the 
same pin to be used for both input and output. 
To provide fast switching times in a "0" to "1" 
transition a relatively low impedance device is 
switched in momentarily ( « 1/5 of a 
machine cycle) whenever a "1" is written to the 
line. When a "0" is written to the line a low im- 
pedance device overcomes the light pullup and 
provides TTL current sinking capability. Since 
the pulldown transistor is a low impedance 
device a "1" must first be written to any line 
which is to be used as an input. Reset initializes 
all lines to the high impedance "1" state. This 
structure allows input and output on the same 
pin and also allows a mix of input lines and 
output lines on the same port. The quasi- 
bidirectional port in combination with the 
ANL and ORL logical instructions provide an 
efficient means for handling single line inputs 
and outputs within an 8-bit processor. It is im- 
portant to note that any output operation on a 
port (ORL, ANL or MOV) will activate the 
low impedance device on all pins of the port. If 
the end result will leave the port pin in the high 
impedance ("1") state, the low impedance pull- 
up device will always turn on momentarily. 
This specifically applies to configurations that 
have inputs and outputs mixed together on the 
same port. See also Section 3.7. 

BUS 

Bus is also an 8-bit port which is a true bidirec- 
tional port with associated input and output 
strobes. If the bidirectional feature is not need- 
ed, Bus can serve as either a statically latched 
output port or non-latching input port. Input 
and output lines on this port cannot be mixed 
however. 



As a static port, data is written and latched 
using the OUTL instruction and inputted using 
the INS instruction. The INS and OUTL in- 
structions generate pulses on the correspon- 
ds g RD and WR output strobe lines; 
however, in the static port mode they are 
generally not used. As a bidirectional port the 
MOVX instructions are used to read and write 
the port. A write to the port generates a pulse 
on the WR output line and output data is valid 
at the trailing edge of WR. A read of the port 
generates a pulse on the RD output line and in- 
put data must be valid at the trailing edge of 
RD. When not being written or read, the BUS 
lines are in a high impedance state. See also 
sections 3.6 and 3.7. 

2.1.5 Test and INT Inputs 

Three pins serve as inputs and are testable with 
the conditional jump instruction. These are 
TO, Tl, and INT. These pins allow inputs to 
cause program branches without the necessity 
to load an input port into the accumulator. 
The TO, Tl, and INT pins have other possible 
functions as well. See the pin description in 
Section 2.2. 

2.1.6 Program Counter and Stack 

The Program Counter is an independent 
counter while the Program Counter Stack is 
implemented using pairs of registers in the 
Data Memory Array. Only 10, 1 1 , or 12 bits of 
the Program Counter are used to address the 
1024, 2048, or 4096 words of on-board pro- 
gram memory of the 8048H, 8049H, or 
8050H, while the most significant bits can be 
used for external Program Memory fetches. 
See Figure 2-5. The Program Counter is in- 
itialized to zero by activating the Reset line. 
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An interrupt or CALL to a subroutine causes 
the contents of the program counter to be 
stored in one of the 8 register pairs of the Pro- 
gram Counter Stack as shown in Figure 2-6. 
The pair to be used is determined by a 3-bit 
Stack Pointer which is part of the Program 
Status Word (PSW). Data RAM locations 8-23 
are available as stack registers and are used to 
store the Program Counter and 4 bits of PSW 
as shown in the figure. The Stack Pointer 
when initialized to 000 points to RAM loca- 
tions 8 and 9. The first subroutine jump or in- 
terrupt results in the program counter contents 
being transferred to locations 8 and 9 of the 
RAM array. The stack pointer is then in- 
cremented by one to point to locations 10 and 
11 in anticipation of another CALL. Nesting 
of subroutines within subroutines can continue 
up to 8 times without overflowing the stack. If 
overflow does occur the deepest address stored 
(locations 8 and 9) will be overwritten and lost 
since the stack pointer overflows from 1 1 1 to 
000. It also underflows from 000 to 111. 

The end of a subroutine, which is signalled by 
a return instruction (RET or RETR), causes 
the Stack Pointer to be decremented and the 
contents of the resulting register pair to be 
transferred to the Program Counter. 



Figure 2-6. Program Counter Stack 
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Figure 2-7. Program Status Word (PSW) 



An 8-bit status word which can be loaded to 
and from the accumulator exists called the 
Program Status Word (PSW). The ac- 
companying figure shows the information 
available in the word. The Program Status 
Word is actually a collection of flip-flops 
throughout the machine which can be read or 
written as a whole. The ability to write to PSW 
allows for easy restoration of machine status 
after a power down sequence. 
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The upper four bits of PSW are stored in the 
Program Counter Stack with every call to 
subroutine or interrupt vector and are op- 
tionally restored upon return with the RETR 
instruction. The RET return instruction does 
not update PSW. 

The PSW bit definitions are as follows: 

Bits 0-2: Stack Pointer bits (S , S„ Sj) 

Bit 3: Not used ("1" level when read) 

Bit 4: Working Register Bank Switch 

Bit (BS) 
0=Bank 
1 =Bank 1 

Bit 5: Flag bit (F0) user controlled 

flag which can be complemented 
or cleared, and tested with the 
conditional jump instruction 
JFO. 

Bit 6: Auxiliary Carry (AC) carry bit 

generated by an ADD instruc- 
tion and used by the decimal ad- 
just instruction DA A. 

Bit 7: Carry (CY) carry flag which in- 

dicates that the previous opera- 
tion has resulted in overflow of 
the accumulator. 

2.1.8 Conditional Branch Logic 

The conditional branch logic within the pro- 
cessor enables several conditions internal and 
external to the processor to be tested by the 
users program. By using the conditional jump 
instruction the conditions that are listed in 



Table 2-1 can effect a change in the sequence 
of the program execution. 



Table 2-1 



Device Testable 


Jump Conditions 
(Jump On) 






not all 






Accumulator 


All zeros 


zeros 


Accumulator Bit 




1 


Carry Flag 





1 


User Flags (F0, Fl) 




1 


Timer Overflow Flag 




1 


Test Inputs (TO, Tl) 





1 


Interrupt Input (INT) 






2.1.9 Interrupt 


■ 





An interrupt sequence is initiated by applying 
a low "0" level input to the INT pin. Interrupt 
is level triggered and active low to allow 
"WIRE ORing" of several interrupt sources at 
the input pin. Figure 2-8 shows the interrupt 
logic of the 8048H. The Interrupt line is sam- 
pled every instruction cycle and when detected 
causes a "call to subroutine" at location 3 in 
program memory as soon as all cycles of the 
current instruction are complete. On 2-cycle 
instructions the interrupt line is sampled on the 
2nd cycle only. INT must be held low for at 
least 3 machine cycles to ensure proper inter- 
rupt operations. As in any CALL to 
subroutine, the Program Counter and Pro- 
gram Status word are saved in the stack. For a 
description of this operation see the previous 
section, Program Counter and Stack. Program 
Memory location 3 usually contains an uncon- 
ditional jump to an interrupt service 
subroutine elsewhere in program memory. The 
end of an interrupt service subroutine is 
signalled by the execution of a Return and 
Restore Status instruction RETR. The inter- 
rupt system is single level in that once an inter- 
rupt is detected all further interrupt requests 
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Figure 2-8. Interrupt Logic 
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are ignored until execution of an RETR 
reenables the interrupt input logic. This occurs 
at the beginning of the second cycle of the 
RETR instruction. This sequence holds true 
also for an internal interrupt generated by 
timer overflow. If an internal timer/counter 
generated interrupt and an external interrupt 
are detected at the same time, the external 
source will be recognized. See the following 
Timer/Counter section for a description of 
timer interrupt. If needed, a second external 
interrupt can be created by enabling the 
timer/counter interrupt, loading FFH in the 
Counter (one less than terminal count), and 
enabling the event counter mode. A "1" to "0" 
transition on the Tl input will then cause an 
interrupt vector to location 7. 

INTERRUPT TIMING 

The interrupt input may be enabled or disabled 
under Program Control using the EN I and 
DIS I instructions. Interrupts are disabled by 
Reset and remain so until enabled by the users 
program. An interrupt request must be re- 
moved before the RETR instruction is ex- 
ecuted upon return from the service routine 
otherwise the processor will re-enter the service 
routine immediately. Many peripheral devices 
prevent this situation by resetting their inter- 
rupt request line whenever the processor ac- 
cesses (Reads or Writes) the peripherals data 
buffer register. If the interrupting device does 
not require access by the processor, one output 
line of the 8048H may be designated as an "in- 
terrupt acknowledge" which is activated by the 
service subroutine to reset the interrupt re- 
quest. The INT pin may also be tested using 
the conditional jump instruction JNI. This in- 
struction may be used to detect the presence of 
a pending interrupt before interrupts are 
enabled. If interrupt is left disabled, INT may 
be used as another test input like TO and Tl. 



2.1.10 Timer/Counter 

The 8048H contains a counter to aid the user 
in counting external events and generating ac- 
curate time delays without placing a burden on 
the processor for these functions. In both 
modes the counter operation is the same, the 
only difference being the source of the input to 
the counter. The timer/event counter is shown 
in Figure 2-9. 

COUNTER 

The 8-bit binary counter is presettable and 
readable with two MOV instructions which 
transfer the contents of the accumulator to the 
counter and vice versa. The counter content 
may be affected by Reset and should be in- 
itialized by software. The counter is stopped 
by a Reset or STOP TCNT instruction and re- 
mains stopped until started as a timer by a 
START T instruction or as an event counter by 
a START CNT instruction. Once started the 
counter will increment to this maximum count 
(FF) and overflow to zero continuing its count 
until stopped by a STOP TCNT instruction or 
Reset. 

The increment from maximum count to zero 
(overflow) results in the setting of an overflow 
flag flip-flop and in the generation of an inter- 
rupt request. The state of the overflow flag is 
testable with the conditional jump instruction 
JTF. The flag is reset by executing a JTF or by 
Reset. The interrupt request is stored in a latch 
and then ORed with the external interrupt in- 
put INT. The timer interrupt may be enabled 
or disabled independently of external interrupt 
by the EN TCNTI and DIS TCNTI instruc- 
tions. If enabled, the counter overflow will 
cause a subroutine call to location 7 where the 
timer or counter service routine may be stored. 
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Figure 2-9. Timer/Event Counter 



If timer and external interrupts occur 
simultaneously, the external source will be 
recognized and the Call will be to location 3. 
Since the timer interrupt is latched it will re- 
main pending until the external device is ser- 
viced and immediately be recognized upon 
return from the service routine. The pending 
timer interrupt is reset by the Call to location 7 
or may be removed by executing a DIS TCNTI 
instruction. 



AS AN EVENT COUNTER 



Execution of a START CNT instruction con- 
nects the Tl input pin to the counter input and 
enables the counter. The Tl input is sampled 
at the beginning of state 3 or in later MCS-48 
devices in state time 4. Subsequent high to low 
transitions on Tl will cause the counter to in- 
crement. Tl must be held low for at least 1 
machine cycle to insure it won't be missed. The 
maximum rate at which the counter may be in- 
cremented is once per three instruction cycles 
(every 5.7 pi sec when using an 8 MHz crystal) 
— there is no minimum frequency. Tl input 



must remain high for at least 1/5 
cle after each transition. 

AS A TIMER 



Execution of a START T instruction connects 
an internal clock to the counter input and 
enables the counter. The internal clock is 
derived by passing the basic machine cycle 
clock through a 32 prescaler. The prescaler 
is reset during the START T instruction. The 
resulting clock increments the counter every 32 
machine cycles. Various delays from 1 to 256 
counts can be obtained by presetting the 
counter and detecting overflow. Times longer 
than 256 counts may be achieved by ac- 
cumulating multiple overflows in a register 
under software control. For time resolution 
less than 1 count an external clock can be ap- 
plied to the Tl input and the counter operated 
in the event counter mode. ALE divided by 3 
or more can serve as this external clock. Very 
small delays or "fine tuning" of larger delays 
can be easily accomplished by software delay 
loops. 
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OSCILLATOR 

The on-board oscillator is a high gain parallel 
resonant circuit with a frequency range of 1 to 
11 MHz. The XI external pin is the input to 
the amplifier stage while X2 is the output. A 
crystal or inductor connected between XI and 
X2 provides the feedback and phase shift re- 
quired for oscillation. If an accurate frequency 
reference and maximum processor speed are 
not required, an inductor may be used in place 
of the crystal. With an inductor the oscillator 
frequency can be approximately 3 to 5 MHz. 



Table 2-2. Baud Rate Generation 



Frequency 
(MHz) 




TO Prr(1/5 T cy ) 


Timer Prescaler 
(32 T cy ) 


4 
6 
8 
11 


3.75 ixs 
2.50 us 
1.88 ms 
1.36 ms 


750 ns 
500 ns 
375 ns 
275 ns 


120 MS 
80 ms 
60.2 MS 
43.5 MS 


Baud 
Rate 


4 MHz 
Timer Counts + 
Instr. Cycles 


6 MHz 
Timer Counts + 
Instr. Cycles 


8 MHz 
Timer Counts + 
Instr. Cycles 


11 MHz 
Timer Counts + 
Instr. Cycles 


110 


75 + 24 Cycles 
.01% Error 


113 + 20 Cycles 
.01 % Error 


151 + 3 Cycles 
.01% Error 


208 + 28 Cycles 
.01% Error 


300 


27 + 24 Cycles 
.1 % Error 


41 + 21 Cycles 
.03% Error 


55 + 13 Cycles 
.01% Error 


76+18 Cycles 
.04% Error 


1200 


6 + 30 Cycles 
.1% Error 


10 + 13 Cycles 
.1% Error 


13 + 27 Cycles 
.06% Error 




1800 


4 + 20 Cycles 
.1% Error 


6 + 30 Cycles 
.1% Error 


9 + 7 Cycles 
.17% Error 


12 + 24 Cycles 
.12% Error 


2400 


3+15 Cycles 
.1% Error 


5 + 6 Cycles 
.4% Error 


6 + 24 Cycles 
.29% Error 


9 + 18 Cycles 
.12% Error 


4800 


1 + 23 Cycles 
1.0% Error 


2+19 Cycles 
.4% Error 


3 + 14 Cycles 
.74% Error 


4 + 25 Cycles 
.12% Error 



Often a serial link is desirable in an MCS-48 
family member. Table 2-2 lists the timer 
counts and cycles needed for a specific baud 
rate given a crystal frequency. 

2.1.11 Clock and Timing Circuits 

Timing generation for the 8048H is completely 
self-contained with the exception of a frequen- 
cy reference which can be XTAL, inductor, or 
external clock source. The Clock and Timing 
circuitry can be divided into the following 
functional blocks. 
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Figure 2-10. MCS-48 Timing Generation and Cycle Timing 

CYCLE COUNTER 



For higher speed operation a crystal should be 
used. An externally generated clock may also 
be applied to X1-X2 as the frequency source. 
See the data sheet for more information. 

STATE COUNTER 

The output of the oscillator is divided by 3 in 
the State Counter to create a clock which 
defines the state times of the machine (CLK). 
CLK can be made available on the external pin 
TO by executing an ENTO CLK instruction. 
The output of CLK on TO is disabled by Reset 
of the processor. 



CLK is then divided by 5 in the Cycle Counter 
to provide a clock which defines a machine cy- 
cle consisting of 5 machine states as shown in 
Figure 2-10. Figure 2-11 shows the different in- 
ternal operations as divided into the machine 
states. This clock is called Address Latch 
Enable (ALE) because of its function in 
MCS-48 systems with external memory. It is 
provided continuously on the ALE output pin. 

2.1.12 Reset 

The reset input provides a means for initializa- 
tion for the processor. This Schmitt-trigger in- 
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Figure 2 



put has an internal pullup device which in 
combination with an external 1 fd capacitor 
provides an internal reset pulse of sufficient 
length to guarantee all circuitry is reset, as 
shown in Figure 2-12. If the reset pulse is 
generated externally the RESET pin must be 
held low for at least 10 milliseconds after the 
power supply is within tolerance. Only 5 
machine cycles (9.5 ms@ 8 MHz) are required 
if power is already on and the oscillator has 
stabilized. 

Reset performs the following functions: 

1) Sets program counter to zero. 

2) Sets stack pointer to zero. 

3) Selects register bank 0. 

4) Selects memory bank 0. 

5) Sets BUS to high impedance state (except 
when EA = 5V). 

6) Sets Ports 1 and 2 to input mode. 

7) Disables interrupts (timer and external). 

8) Stops timer. 

9) Clears timer flag. 

10) Clears F0 and Fl. 

1 1) Disables clock output from TO. 



2.1.13 Single-Step 

This feature, as pictured in Figure 2-13, pro- 
vides the user with a debug capability in that 
the processor can be stepped through the pro- 
gram one instruction at a time. While stopped, 
the address of the next instruction to be 
fetched is available concurrently on BUS and 
the lower half of Port 2. The user can 
therefore follow the program through each of 
the instruction steps. A timing diagram, show- 
ing the interaction between output ALE and 
input SS, is shown. The BUS buffer contents 
are lost during single step; however, a latch 
may be added to re-establish the lost I/O 
capability if needed. Data is valid at the 
leading edge of ALE. 

TIMING 

The 8048H operates in a single-step mode as 
follows: 

1) The processor is requested to stop by ap- 
plying a low level on SS. 

2) The processor responds by stopping dur- 
ing the address fetch portion of the next 
instruction. If a double cycle instruction is 
in progress when the single step command 
is received, both cycles will be completed 
before stopping. 

3) The processor acknowledges it has 
entered the stopped state by raising ALE 
high. In this state (which can be main- 



tained indefinitely) the address of the next 
instruction to be fetched is present on 
BUS and the lower half of port 2. 

4) SS is then raised high to bring the pro- 
cessor out of the stopped mode allowing it 
to fetch the next instruction. The exit 
from stop is indicated by the processor 
bringing ALE low. 

5) To stop the processor at the next instruc- 
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Figure 2-13. Single Step Operation 
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tion SS must be brought low again soon 
after ALE goes low. If SS is left high the 
processor remains in a "Run" mode. 

A diagram for implementing the single-step 
function of the 8748 is shown in Figure 2-13. A 
D-type flip-flop with preset and clear is used to 
generate SS. In the run mode SS is held high by 
keeping the flip-flop preset (preset has 
precedence over the clear input). To enter 
single step, preset is removed allowing ALE to 
bring SS low via the clear input. ALE should 
be buffered since the clear input of an SN7474 
is the equivalent of 3 TTL loads. The pro- 
cessor is now in the stopped state. The next in- 
struction is initiated by clocking a "1" into the 
flip-flop. This "1" will not appear on SS unless 
ALE is high removing clear from the flip-flop. 
In response to SS going high the processor 
begins an instruction fetch which brings ALE 
low resetting SS through the clear input and 
causing the processor to again enter the 
stopped state. 

2.1.14 Power Down Mode 

(8048H, 8049H, 8050H, 
8039HL, 8035HL, 8040AHL) 

Extra circuitry has been added to the 
8048H/8049H/8050 ROM version to allow 
power to be removed from all but the data 
RAM array for low power standby operation. 
In the power down mode the contents of data 
RAM can be maintained while drawing 
typically 10% to 15% of normal operating 
power requirements. 

V cc serves as the 5V supply pin for the bulk of 
circuitry while the V DD pin supplies only the 
RAM array. In normal operation both pins are 
a 5V while in standby, V cc is at ground and 
V DD is maintained at its standby value. Apply- 
ing Reset to the processor through the RESET 



POWER SUPPLY 



PROCESSOR 
INTERRUPTED | 
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FAIL SIGNAL 
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FOLLOWS 



DATA SAVE 

ROUTINE 

EXECUTED 



ACCESS TO 
DATA RAM 
INHIBITED 



Figure 2-14. Power Down Sequence 

pin inhibits any access to the RAM by the pro- 
cessor and guarantees that RAM cannot be in- 
advertently altered as power is removed from 
V cc . 

A typical power down sequence (Figure 2-14) 

s: 



1) 



2) 



3) 



4) 



Imminent power supply failure is detected 
by user defined circuitry. Signal must be 
early enough to allow 8048H to save all 
necessary data before V cc falls below 
normal operating limits. 
Power fail signal is used to interrupt pro- 
cessor and vector it to a power fail service 
routine. 

Power fail routine saves all important 
data and machine status in the internal 
data RAM array. Routine may also in- 
itiate transfer of backup supply to the 
V DD pin and indicate to external circuitry 
that power fail routine is complete. 
Reset is applied to guarantee data will not 
be altered as the power supply falls out of 
limits. Reset must be held low until V cc is 
at ground level. 



Recovery from the Power Down mode can 
occur as any other power-on sequence with an 
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Figure 2-15. 8048H and 8049H 
Logic Symbol 

external capacitor on the Reset input providing 
the necessary delay. See the previous section 
on Reset. 

(I 

2.1.15 External Access Mode 

Normally the first IK (8048H), 2K (8049H), or 
4K (8050H) words of program memory are 
automatically fetched from internal ROM or 
EPROM. The EA input pin however allows 
the user to effectively disable internal program 
memory by forcing all program memory 
fetches to reference external memory. The 
following chapter explains how access to exter- 
nal program memory is accomplished. 

The External Access mode is very useful in 
system test and debug because it allows the 
user to disable his internal applications pro- 
gram and substitute an external program of his 
choice— a diagnostic routine for instance. In 
addition, the section on Test and Debug ex- 
plains how internal program memory can be 
read externally, independent of the processor. 



A "1" level on EA initiates the external access 
mode. For proper operation, Reset should be 
applied while the EA input is changed. 

2.2 PIN DESCRIPTION 

The MCS-48 processors (except 802 1H and 
8020H) are packaged in 40 pin Dual In-Line 
Packages (DIP's). Table 2-3 is a summary of 
the functions of each pin. Figure 2-15 is the 
logic symbol for the 8048H product family. 
Where it exists, the second paragraph 
describes each pin's function in an expanded 
MCS-48 system. Unless otherwise specified, 
each input is TTL compatible and each output 
will drive one standard TTL load. 

2.3 PROGRAMMING, VERIFYING 
AND ERASING EPROM 

The internal Program Memory of the 8748 and 
the 8749H may be erased and reprogrammed 
by the user as explained in the following sec- 
tions. See also the 8748 and 8749H data sheets. 

2.3.1 Programming/Verification 

In brief, the programming process consists of: 
activating the program mode, applying an ad- 
dress, latching the address, applying data, and 
applying a programming pulse. This program- 
ming algorithm applies to both the 8748 and 
8749H. The only differences between the two 
parts during programming are the lower 
voltages on the V DD , EA and PROG pins of 
the 8749H (see Figures 2-16 and 2-17) and ty- 
ing P 10 and Pll to ground. Each word is pro- 
grammed completely before moving on to the 
next and is followed by a verification step. The 
following is a list of the pins used for program- 
ming and a description of their functions: 
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Table 2-3 





Pin 




Designation 


Number* 


Function 


v ss 


20 


Circuit GND potential 


V DD 


26 


Programming power supply; +25V during program for 
the 8748 and 21V during program for the 8748H/8749H; 
+ 5V during operation for both ROM and PROM. Low 
power standby pin in 8048H and 8049H/8050H ROM ver- 
sions. 


Voc 


40 


Main power supply; + 5V during operation and 8748 and 
8749H programming. 


PROG 


25 


Program pulse; +23V input pin during 8748 program- 
ming and 18V input pin during 8748H/8749H program- 
ming. Output strobe for 8243 I/O expander. 


P10-P17 
(Port 1) 
P20-P27 
(Port 2) 


27-34 

21-24 
35-38 


8-bit quasi-bidirectional port. (Internal Pullup«50Kft) 

8-bit quasi-bidirectional port. (Internal Pullup«50KQ) 

P20-P23 contain the four high order program counter 
bits during an external program memory fetch and 
serve as a 4-bit I/O expander bus for 8243. 


D0-D7 
(BUS) 


12-19 


True bidirectional port which can be written or read 
synchronously using the RD, WR strobes. The port can 
also be statically latched. 






Contains the 8 low order program counter bits during 
an external program memory fetch, and receives the ad- 
dressed instruction under the control of PSEN. Also 
contains the address and data during an external RAM 
data store instruction, under control of ALE, RD, and 
WR. 


TO 


1 


Input pin testable using the conditional transfer in- 
structions JTO and JNTO. TO can be designated as a 
clock output using ENTO CLK instruction. TO is also 
used during programming. 


T1 


39 


Input pin testable using the JT1, and JNT1 instructions. 
Can be designated the event counter input using the 
STRT CNT instruction. (See Section 2.1.10) 


TNT 


6 


Interrupt input. Initiates an interrupt if interrupt is 
enabled. Interrupt is disabled after a reset. (Active low) 

Interrupt must remain low for at least 3 machine cycles 
to ensure proper operation. 


RD 


8 


Output strobe activated during a BUS read. Can be 
used to enable data onto the BUS from an external 
device. (Active low) 







Used as a Read Strobe to External Data Memory. 
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Table 2-3 (Continued) 



Designation 



Pin 
Number 



Function 



RESET 



WR 

ALE 1 



10 



11 



X q 



PSEN 
SS 

EA 



XTAL1 
XTAL2 



9 



■j 



Input which is used to initialize the processor. Also 
used during PROM programming and verification. (Ac- 
tive low) (Internal pullups=200Kn) 

Output strobe during a BUS write. (Active low) Used as 
write strobe to external data memory. 

Address Latch Enable. This signal occurs once during 
each cycle and is useful as a clock output. 

The negative edge of ALE strobes address into external 
data and program memory. 

Program Store Enable. This output occurs only during a 
fetch to external program memory. (Active low) 

Single step input can be used in conjunction with ALE 
to "single step" the processor through each instruc- 
tion. (Active low) (Internal pullup=s300Kfl) 

External Access input which forces all program 
memory fetches to reference external memory. Useful 
for emulation and debug, and essential for testing and 
program verification. (Active high) 23V for 8748 Pro- 
gram Verification and 18V for 8748H/8749H verification 
(Internal pullup«10MS2on 8048H/8049H/8035HL/8039HL/ 
8050H/8040H) 



One side of crystal input for internal ( 
put for external source. 



scillator. Also in- 



Other side of crystal/external source input. 



'Unless 

Pin 

XTAL 
Reset 

Test 

EA 

BUS 

P20-1 



otherwise stated, inputs do not have internal pullup resistors. 8048H, 8748, 8049H, 8050H, 8040H 

Pin 



Function 

1 Clock Input (1 to 3MHz) 

Initialization and Address 
Latching 

Selection of Program (0V) or 
Verify (5V) Mode 

Activation of Program/Verify 
Modes 



Function 



P20-2 

V DD 

PROG 

P10-P11 



Address Input for 8749H 
Programming Power Supply 
Program Pulse Input 
Tied to ground (8749H only) 



8748 AND 8749H ERASURE 
CHARACTERISTICS 

Address and Data Input Data 
Output During Verify xhe erasure characteristics of the 8748 and 

Address Input for 8748 8749H are such that erasure begins to occur 
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WAVEFORMS 



COMBINATION PROGRAM/VERIFY MODE (EPROM's ONLY) 



f 



\ 



\ / 



/ ADDRESS \f 
~\ (0-7) VALID A 



DATA TO BE 
PROGRAMMED VALID 



X 



ADDRESS (8-9) VALID 



7 



PROGRAM 



3 f 



>/ \J DATA V _/ NEXT ADDR \J 

v A ) ^ V * L "° A 

XNEXT 
ADDRESS 



-^J H — 



SEE 8748 DATA SHEET FOR 
DETAIL TIMING SPECIFICATIONS. 



An attempt to program a mis-socketed 8748 will result in severe damage to the part. An indication of a properly socketed part 
is the appearance of the ALE clock output. The lack of this clock may be used to disable the programmer. 



Figure 2-16. Programming/Verify Sequence for the 8748 



when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and cer- 
tain types of fluorescent lamps have 
wavelengths in the 3000-4000A range. Data 
show that constant exposure to room level 
fluorescent lighting could erase the typical 
8748 and 8749H in approximately 3 years 
while it would take approximately 1 week to 



cause erasure when exposed to direct sunlight. 
If the 8748 or 8749H is to be exposed to these 
types of lighting conditions for extended 
periods of time, opaque labels should be 
placed over the 8748 window to prevent 
unintentional erasure. 

When erased, bits of the 8748 and 8749H Pro- 
gram Memory are in the logic "0" state. 
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WAVEFORMS 



COMBINATION PROGRAM/VERIFY MODE (EPROM's ONLY) 



18V 

EA 

. 5V 



f 
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< ADDRESS \y 
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PROGRAMMED VALID 



X 



ADDRESS (8-10) VALID 



7 



^-r^_ 



X 



\ f 
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V A / A VALID 

XNEXT 
ADDRESS 



25 



2u 



VERIFY MODE (ROM /EPROM) 

EA 



J V 



J V 



x 



ADDRESS 18-101 VALID 



X 



NEXT ADDRESS VALID 



NOTES 

1 PROG MUST FLOAT IF EA IS LOW H e ' 18V) 

2 Xt AND X 2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5,,sec l CY THIS IS ACCEPTABLE FOR -8 
PARTS AS WELL AS STANDARD PARTS 

•TO ON EPROM ONLY 



Figure 2-17. Program/Verify Sequence for 8749H 
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The recommended erasure procedure for the 
8748 and 8749H is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose (i.e., 
UV intensity X exposure time) for erasure 
should be a minimum of 15W-sec/cm 2 . The 
erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
a 12000nW/cm 2 power rating. The 8748 and 
8749H should be placed within one inch from 
the lamp tubes during erasure. Some lamps 
have a filter in their tubes and this filter should 
be removed before erasure. 

The Program/Verify sequence is: 

!) V DD = 5v, Clock applied or internal 
oscillator operating, Reset = Ov, Test = 
5v, EA = 5v, BUS and PROG floating. 
P10 and PI 1 tied to ground (8749H only) 

2) Insert 8748 or 8749H in programming 
socket 

3 ) Test = Ov (Select Program Mode) 
4) EA = 23V Activate Program Mode for 
8748) 

EA = 18v (Activate Program Mode for 
8748H/8749H) 

Address applied to BUS and P20-1 (2) 



5) 

6) Reset = 5v (Latch Address) 

7) Data applied to BUS 

8) V DD = 25v (Programming Power for 
8748) 

V DD = 21v (Programming Power for 
8748H/8749H) 

9) PROG = Ov followed by one 50ms pulse 
to 23V for the 8748. 

PROG = Ov followed by one 50 msec to 
18v for the 8748H/8749H. 

10) V DD = 5v 

11) TESTO = 5v (Verify Mode) 

12) Read and Verify Data on BUS 

13) TEST = Ov 

14) Reset = Ov and repeat from Step 5 



15) Programmer should be at conditions of 
Step 1 when 8748 or 8749H is removed 
from socket. 

2.4 READING INTERNAL 
PROGRAM MEMORY 

Just as the processor may be isolated from in- 
ternal program memory using EA, program 
memory can be read independent of the pro- 
cessor using the verification mode described in 
the previous section, Programming/Verifica- 
tion. Figure 2-18 shows the waveforms for the 
reading of internal program memory. 

The processor is placed in the READ mode by 
applying a high voltage ( + 23V for the 8748, 
+ 18V for the 8749H and + 12V for the 
8048H/8049H/8050H) to the EA pin and 
+ 5V to the TO (8748 and 8749H only) input 
pin. RESET must be at OV when voltage is ap- 
plied to EA. The address of the location to be 
read is then applied to the BUS and Port 2. All 
twelve address bits must be driven. The ad- 
dress is latched by a "0" to "1" transition on 
RESET and a high level on RESET causes the 
contents of the program memory location ad- 
dressed to appear on the eight lines of BUS. 
RESET must be brought back to 0V before 
leaving the READ mode. 

2.5 8020H/8021H FUNCTIONAL 
SPECIFICATIONS 

The following is a functional description of the 
major elements of the 8020H and 802 1H. It is 
important to understand at the outset, 
however, that the 8020H is itself an 8021 H but 
in a 20-pin DIP. This significant pin reduction 
is accomplished by bonding out only 13 of the 
8021H's 21 I/O lines: Port 00-07 and Port 
13-17. 
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Figure 2-18. Reading Internal Program Memory 
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2.5.1 Program Memory 

The 8020H/8021H contains IK x 8 of mask 
programmable ROM. No external ROM ex- 
pansion capability is provided. 

2.5.2 Data Memory 

A 64 x 8 dynamic RAM is located on chip for 
data storage. All locations are indirectly ad- 
dressable and eight designated locations are 
directly addressable. Also, included in the 
memory is the address stack, addressed by a 
3-bit stack pointer. 

Memory is organized as shown in Figure 2-19. 
The least significant 8 addresses, 0-7, are 
directly addressable by any of the 11 direct 
register instructions. The locations are readily 
accessible for a variety of operations with the 
least number of instruction bytes required for 
their manipulation. 

Registers and 1 have another function, in 
that they can be used to indirectly address all 
locations in memory, using the indirect register 
instructions. These indirect RAM address 
registers, IRAR's, are especially useful for 
repetitive-type operations on adjacent memory 
locations. The indirect register instruction 
specifies which IRAR to use, and the contents 
of the IRAR is used to address a location in 
RAM. The contents of the addressed location 
is used during the execution of the instruction 
and may be modified. A value larger than 63 
should not be present in the IRAR when 
selected by an indirect register instruction. 
IRAR's may point to addresses 0-7, if desired. 

Locations 8-23 may be used as the address 
stack. The address stack enables the processor 
to keep track of the return addresses generated 
from CALL instructions. A 3-bit stack pointer 













LOC 24-63 












INDIRECTLY 








ADDRESSABLE 








CAN BE USED 








BY 




LOC 8-23 


FOR ADDRESS 


IRARO OR 1 




I STACK 






7 










6 










5 










4 




DIRECTLY 






3 




ADDRESSABLE 






2 










IRAR 1 










IRAR 




■ 









Figure 2-19. Internal RAM Organization 



(SP) supplies the address of the locations to be 
loaded with the next return address generated. 
The SP to this pushdown stack is incremented 
by one after a return address is stored, and 
decremented by one before an address is 
fetched during a RET. The unincremented 
program counter address is stored in the ad- 
dress stack. Before loading the program 
counter during a return from the subroutine 
(RET), the stack contents are incremented. A 
total of 8 levels of nesting is possible. The SP is 
initialized to location 8 upon RESET. Since 
each address is 10-bits long, two bytes must be 
used to store a single address. The SP is in- 
cremented and decremented by one, but each 
increment or decrement moves the address 
pointed to by two. Therefore, only even 
numbered addresses are pointed to. If a par- 
ticular application does not require 8 levels of 
nesting, the unused portion of the stack may 
be used as any other indirectly addressable 
scratchpad location. For example, if only 3 
levels of subroutine nesting are used, then only 
locations 8-13 need be reserved for the address 
stack, and locations 14-63 can be used for data 
storage. 
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2.5.3 Oscillator and Clock 

tie 8020H/8021H contains its own on board 
ascillator and clock circuit, requiring only an 
external timing control element across pins 
XTAL1 and XTAL2. The control element can 
be a clock in, crystal, inductor, or a single 
resistor. The capacitor normally required with 
inductor and resistor timing control operations 
is not necessary with the 8020H/8021H. This 
capacitor has been integrated directly on chip. 

The external timing control element deter- 
mines all internal time divisions. An instruc- 
tion cycle consists of 10 states, and each state 
is a time division of 3 oscillator periods (see 
Figure 2-20). Therefore, to obtain a 10 n sec 
instruction cycle, a 3 MHz oscillator frequency 
is required. This may be obtained with a direct 
3 MHz clock in, a 3 MHz crystal, or a 330 /iH 
inductor. A 15K resistor will also yield an 
oscillator frequency in the range of 3 to 3.6 
MHz. Note, however, that the required induc- 
tance and resistance may vary and should be 
adjusted as necessary. The resistance and in- 
ductance are inversely proportional to the 
generated oscillator frequency. 

The 8020H/8021H utilizes dynamic RAM and 



certain other dynamic logic. Due to the clock- 
ing required with dynamic circuits, the 
oscillator frequency must be equal to or 
greater than 600 kHz, or improper operation 
may occur. 

2.5.4 Timer/Event Counter 

The 8020H/8021H has internal timer/event 
counter circuits that can monitor elapsed time 
or count external events that occur during pro- 
gram execution. The circuit has an 8-bit binary 
up-counter that is presettable and readable 
with two MOV instructions. These instructions 
transfer the contents of the accumulator to the 
counter and vice versa. The counter is cleared 
by Reset and can be set by the MOV T,A in- 
struction. The counter is stopped by a RESET 
or STOP TCNT instruction and remains 
stopped until started as a timer by a STRT T 
instruction or as an event counter by a STRT 
CNT instruction. Once started, the counter in- 
crements to its maximum count (FF), and 
overflows to zero. The count continues until 
stopped by a STOP TCNT instruction or 
RESET. The increment from maximum count 
to zero (overflow) sets an overflow flag. The 
state of the overflow flag is testable with the 
conditional jump instruction JTF. The flag is 



-C1 



- C2 ■ 



ALE 



•P2 FOR 8021 H ONLY 



ALL PORTS FOP. IN AND OUTL INSTRUCTIONS 



Figure 2-20. 8020H/8021H Timing Diagram 
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reset by JTF but not by executing a RESET, 
unlike the 8748. 

At the STRT T command an internal prescaler 
is zeroed and thereafter increments once each 
30 input clocks (once each single cycle instruc- 
tion, twice each double cycle instruction). The 
prescaler is a divide by 32. At the (11111) to 
(00000) transition the timer is incremented. 
The timer is 8-bits and an overflow (FFH) to 
(00H) timer flag is set. A conditional branch 
instruction (JTF) is available for testing this 
flag, the flag being reset each test. Total count 
capacity for the timer is 2 8 x 2 s = 8192 or 81 .9 
msec at a 10 y. sec cycle time. Contents of the 
timer can be moved to the accumulator by the 
MOV A,T instruction without disturbing the 
counting process. 

Execution of a START CNT instruction con- 
nects the Tl input pin to the counter input and 
enables the counter. The Tl input is sampled 
at the beginning of state 3. Subsequent high to 
low transitions on Tl will cause the counter to 
increment. Tl must be held for at least 1T CV to 
ensure it will not be missed. The maximum 
rate at which the counter may be incremented 
is once per three instruction cycles (every 30 
txs for a 3 MHz oscillator) — there is no 
minimum rate. Tl input must remain stable 
for at least l/5T cy after each transition. 
■ 

2.5.5 Input/Output Capabilities 

The 8020H/8021H I/O configurations are 
highly flexible. A number of different con- 
figurations are possible, tailoring an 
8020H/8021H to a given task. Other than the 
power supply and dedicated pins, all other pins 
can be used for input, output, or both, de- 
pending on the configuration. 




< 



Figure 2-21. Quasi-Bidirectional Port 
Structure 

All ports are quasi-bidirectional to facilitate 
stand-alone use. A simplified schematic of the 
quasi-bidirectional interface is shown in Figure 
2-21. This configuration allows buffered out- 
puts, and also allows external input. Data writ- 
ten to these ports is statically latched and re- 
mains unchanged until rewritten. As input 
ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruc- 
tion. When writing a "0" or low value to these 
ports, the low impedance pulldown device 
sinks an external TTL load. When writing a 
"1", a large current is supplied through the low 
impedance pullup device to allow a fast data 
transfer. After a short time (less than one in- 
struction cycle), the low impedance device is 
shut off and the high impedance pullup main- 
tains the "1" level indefinitely. However, in 
this situation, an input device capable of over- 
riding the small amount of sustaining current 
supplied by the pullup device can be read. 
(Alternatively, the data written can be read.) 
So, by writing a "1" to any particular pin, that 
pin can serve either as a true high-level latched 
output pin, or as just a pullup resistor on an 
input. This allows maximum user flexibility in 
selecting his input or latched output pins, with 
a minimum of external components. 

Port 00-07 is also quasi-bidirectional, except 
there is no low impedance pullup device. As 
outputs, this port is essentially open drain. 
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By mask option the high impedance pullup 
devices on P0O-P07 may be deleted on any pin 
providing a true open drain output. This is 
useful in driving analog circuits and certain 
loads, such as keyboards. 

T1 INPUT 

The 8020H/8021H Tl input line can be used as 
an input for the following functions: 



permits the Test 1 input to detect when the in- 
put voltage crosses zero within ±5%; the 
voltage is then coupled through a 1.0 /if 
capacitor. Maximum input voltage is 3V peak- 
to-peak. The zero cross detection is especially 
useful in SCR control of 60 Hz power and in 
developing time-of-day and other timing 
routines. As a ROM mask option there is a 
pullup device that is useful for switch contact 
input or standard TTL. 



• Event Counter (external input) 

• Test input for branch instructions 

• Zero voltage crossing detection 

The operation of Tl as an input to the Event 
Counter is described in the Timer/Event 
Counter section. When used as a test input, the 
JT1 and JNT1 instructions test for 1 and 
levels, respectively. 

The Tl pin can also be used to detect the zero 
crossing of slowly moving AC signals (60 Hz). 
The self-biasing circuit shown in Figure 2-22 



(a) ZERO CROSS DETECT 



EXTERNAL 
CAPACITOR 



->H>- 



(b) OPTIONAL PULLUP DEVICE 



EXTEHNAL 
SWITCH 



1 



■ 



Figure 2-22. Test 1 Pin 



HIGH CURRENT OUTPUTS 

High current drive is desirable for minimizing 
external parts required to do high power con- 
trol. P10 and Pll, 8021H only, have been 
designated high drive outputs capable of sink- 
ing 7mA to Vgs + 2.5 volts. (For clarity, this 
is 7mA to V$s with a 2.5 volt drop across the 
buffer.) These pins may, of course, be paral- 
leled for 14mA drive if the output logic states 
are always the same. 

EXPANDED I/O 

The 8021 H, not the 8020H however, can be 
used with the 8243 I/O expander chip, which 
provides additional I/O capability with a 
limited number of overhead pins. This chip 
has 4 directly addressable 4-bit ports. It con- 
nects to the PROG pin, which provides a 
clock, and pins P20-P23, which provide ad- 
dress and data. These ports can be written with 
a MOVD P,A; ANLD P,A; and ORLD P,A 
for Ports 4-7. A high to low transition on 
PROG signifies that address and control are 
available on P20-P23. The previous data on 
P20-P23 before an output expander instruc- 
tion is lost. Therefore, when using an output 
expander P20-P23 are not useful for general 
input/output. Reading is via the MOVD A, P. 
This circuit configuration is shown in Figure 
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2-23. The timing diagram is shown in Figure 
2-24. 

Standard TTL can also be used to expand the 
number of I/O lines on the 8021H as well as 
the 8020H. 

2.5.6 CPU 

The 8020H/8021H CPU has arithmetic and 
logical capability. A wide variety of arithmetic 
and logic instructions may be exercised, which 
tie contents of the accumulator and/ or 



P20-3 
PROG 



9 



f 



Figure 2-23. I/O Expander Interface 



direct or indirect scratchpad locations. Provi- 
sions have been made for simplified BCD 
arithmetic capability using the DAA, SWAP A 
and XCHD instructions. In addition, MOVP 
A,@A allows table lookup for display for- 
mating and constants. The conditional branch 
logic within the processor enables several con- 
ditions internal and external to the processor 
to be tested by the users program. Use the con- 
ditional jump instructions with the tests listed 
below to effect a change in the program execu- 
tion sequence: 



I 


Jump 


Jump 


Test 


Condition 


Instructions 


Accumulator 


A = A J 


JZ JNZ 


Carry Flag 


1 


,JC 


Timer Overflow Flag 


— 1 


JTF 


Test lnput-T1 


1 


JNT1, JT1 



2.5.7 Reset 



The reset input provides a means for initializa- 
tion for the processor. This Schmitt-trigger in- 
put has an internal pulldown device which in 
combination with an external 1 n fd capacitor 
provides an internal reset pulse of sufficient 
length to guarantee all circuitry is reset, as 
shown in Figure 2-25. If the reset pulse is 



— 

PROG 



I 



ADDRESS 
CODE 



DATA OUT 
(P20-P23) 



DATA 
OUT 







(4 BITS) 

BITS 2 3 



10j ADDRESS 10 J 



READ 
WRITE 



PORT 2 FOP. EXPANDED I/O WITH 8243 



Figure 2-24. Expanded I/O Timing Diagram 
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EXTERNAL RESET 



vcc 




|_K)K 
1 VTRESET 

ACTIVE 
PULLUP 





POWER ON RESET 




NOTE ' ' 

Vcc rise ,ime must be less than 1 ms for proper operation 
with this circuit. 

Figure 2-25. 



generated externally, the RESET pin must be 
held above 3.8V for at least 10 milliseconds 
after the power supply is within tolerance. On- 
ly 3 machine cycles (2.5 us @ 3.6 MHz) are 
required if power is already on and the 
oscillator has stabilized. 

Reset performs the following functions: 

1) Sets program counter to zero 

2) Sets stack pointer to zero 

3) Sets Ports to input mode 

4) Disables interrupts (timer and 
external) 

5) Stops timer 

6) Clears timer register 

2.5.8 8020H/8021H Testing and 
Debugging 

To facilitate testing and debug, certain test 
modes may be activated in the 8020H/8021H 
by raising combinations of RESET, TEST 1 
and PROG to 15 volts. Internal ROM is 
dumped out sequentially for verification. Ex- 



ternal memory operation is used for CPU 
checkout. 



Reset 


Prog 


Test 1 


Cass Function 


5V 


X 


X 


Power On Clear 


OV 


X 


X 


Normal Operation 


15V 


15V 


15V 


Mode 1a On each cycle internal ROM is 
dumped to Port — Sequentially 
after ALE leading edge. 


15V 


15V 


-TT- 


Mode 1b On every TEST 1 falling edge the 
program counter increments, 
dumps internal ROM to Port 0. 


OV 


15V 


X 


Mode 2 Chip will operate from external 
memory (one page) via Port 0. 
ALE strobes Address out, 
memory In. 


15V 


X 


X 


Mode 3 Chip accepts op codes into Port 
1. Allows Port and 8243 testing. 



X = Normal mode - between OV and Vcc 
Test 1 in Mode 1b should be limited to Vcc 
Mode 3 8243 testing for 8021 H. 



2.5.9 Differences Between the 
8021 H and the 8748 

Although the 802 1H is basically an electrical 
and functional subset of the 8748, there are 
some differences: 

1) Pin Out - As the 8021 H is a 28-pin DIP, 
some form of interface must be used with 
the 8748 to simulate the 8021 H. 

2) Instruction Time — The 8021H instruc- 
tion cycle is 30 clock cycles long, the 8748 
instruction cycle is 15 clock cycles long. 
Where exact timing is important, the 8748 
breadboard part should be operated at 
half the 8021H clock rate. 

3) Test 1 — To facilitate developing time of 
day routines from 60 Hz, and for SCR 
control, the Test 1 pin without the pullup 
resistor option will detect zero crossing of 
a capacitively coupled AC input. 

4) Quasi-Bidirectional Ports - All 802 1H 
ports are quasi-bidirectional to facilitate 
stand-alone use. Port has open drain 
outputs and by mask option it may or 
may not have pullup devices. 
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5) Oscillator - The 802 1H has an on-chip 
oscillator that is optimized for the single 
resistor mode. External connection will 
differ from the 8748. 

6) Dynamic RAM and Logic - The 8021 H 
utilizes dynamic RAM and some dynamic 
logic. Input clocking must be maintained 
above the minimum rate or improper 
operation may result. 

7) High Current Outputs - High current 
drive is desirable for minimizing external 
parts required to do high power control. 
P10 and Pll have been designated high 
drive outputs capable of sinking 7mA at 
Vss +2.5 volts. (For clarity, this is 7mA 
to Vss with a 2.5 volt drop across the buf- 
fer.) These pins may, of course, be 
paralleled for 14mA drive if the output 
logic states are always the same. 

8) Timer/Counter — The 8748 does not in- 
crement its timer in the second cycle of a 
2-cycle instruction; the 8021H does. 

9) Reset - Reset has been modified on the 
802 1H to active high; the 8748 is active 
low. 

10) Instruction Set — The instructions below, 
which are found in the 8748, have been 
deleted from the 802 1H instruction set: 



2.6 8022 FUNCTIONAL 
SPECIFICATIONS 

The 8022's architecture is based upon the 
8021 H, and many functions of the two parts 
are identical. 

2.6.1 Program Memory 

The 8022 program memory consists of 2048 
words 8 bits wide which are addressed by the 
program counter. The memory is ROM which 
is mask programmable at the factory. No ex- 
ternal ROM expansion capability is provided. 
There are three locations in program memory 
of special importance. 



Location 0: 
Location 3: 



Activating the RESET line of 
the processor causes the first in- 
struction to be fetched from 

location 0. 

.isinroq Jtosj- vii 
Activating the interrupt input 

line (TO) of the processor (if in- 
terrupt is enabled) causes a 
jump to subroutine. 

A timer/event counter inter- 
rupt resulting from a timer/ 
counter overflow causes a jump 
to subroutine (if timer/ 
counter interrupt is enabled). 



Data Moves 


Registers 


Branch 


Timer 


Control 


Input/Output 


MOV A.PSW 
MOV PSW.A 
MOVX A.@R 
MOVX @R,A 
MOVP3 A,@A 


DEC R 


JTO addr 
JNTO addr 
JFO addr 
JF1 addr 
JNI addr 
JBb addr 


EN TCNTI 
DIS TCNTI 


EN I 
DIS I 
SEL RBO 
SEL RB1 
SEL MBO 
SEL MB! 
ENT0 CLK 


ANL P,#data 
ORL P,#data 
INS A.BUS - 
OUTL BUS.A* 
ANL BUS,#data 
ORL BUS,#data 


Flags 


CLR F0 


Subroutine 


CPL F0 
CLR F1 
CPL F1 




RETR 



•These instructions have been replaced in the 8021H by IN A.PO and OUTL PO.A. respectively. 



\ 911 
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Therefore, the first instruction to be executed 
after initialization is stored in location 0. The 
first word of an external interrupt service 
routine is stored in location 3, and the first 
word of a timer/event counter interrupt ser- 
vice routine is stored in location 7. 



termediate results. The DJNZ instruction 
makes very efficient use of the working 
registers as program loop counters by allowing 
the programmer to decrement and test the 
register in a single instruction. 

■ 



Program memory can be used to store con- 
stants as well as program instructions. The 
MOVP instruction allows easy table lookup 
for constants and display formatting. 

2.6.2 Data Memory 



On-chip data memory is organized as 64 words 
eight bits wide. All locations are indirectly ad- 
dressable and eight designated locations are 
directly addressable. Also included in the data 
memory is the program counter stack, ad- 
dressed by a 3-bit stack pointer. 



The first eight locations (0-7) of the array are 
designated as working registers and are direct- 
ly addressable by any of the 1 1 direct register 
instructions. These locations are readily ac- 
cessible for a variety of operations with a 
minimum number of instruction bytes re- 
quired for their manipulation. Thus, they are 
usually used to store frequently accessed in- 



Registers and 1 have yet another function in 
that they can be used to indirectly address all 
locations in the data memory using the indirect 
register instructions. These two RAM pointer 
registers are especially useful for repetitive 
type operations on adjacent memory loca- 
tions. The indirect register instruction specifies 
which register is used to address a location in 
RAM. The contents of the addressed location 
are used during the execution of the instruc- 
tion and may be modified. The pointer 
registers may also point to registers 0-7, if 
desired. 

Locations 8-23 serve a dual role in that they 
contain the 8-level program counter stack, two 
RAM locations per level. The program counter 
stack enables the processor to keep track of the 
return addresses generated by interrupts or 
CALL instructions by storing the contents of 
the program counter prior to servicing the 
subroutine. A 3-bit stack pointer determines 
which of the program counter stack's eight 



rT6 S,4|3!2|l[0 



LOCATION 3 — EXTERNAL INTERRUPT 

VECTORS PROGRAM MERE 



RESET VECTORS PROGRAM HERE 



8 LEVEL STACK 
OR 
USER RAM 



WORKING 
REGISTERS 

«*» 



ADDRESSED 
INDIRECTLY 
THROUGH 
R0 OR R1 



DIRECTLY 
ADDRESSABLE 



Figure 2-26. Program Memory Map Figure 2-27. Data Memory Map 
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register pairs will be loaded with the next 
return address generated. The stack pointer, 
when initialized to 000 by RESET, points to 
RAM locations 8 and 9. The first subroutine 
CALL or interrupt results in the program 
counter contents being transferred to locations 
8 and 9. The stack pointer is then incremented 
by one and points to locations 10 and 1 1 in an- 
ticipation of another CALL. The end of a 
subroutine, which is signaled by a return in- 
struction (RET or RETI), causes the stack 
pointer to be decremented and the contents of 
the resulting register pair to be transferred to 
the program counter. 



8 levels of subroutine nesting without 
overflowing the stack. If overflow does occur, 
the deepest address stored (locations 8 and 9) 
will be overwritten and lost since the stack 
pointer overflows from 111 to 000. It also 
underflows from 000 to 1 1 1 . If a particular ap- 
plication does not require 8 levels of nesting, 
the unused portion of the program counter 
stack may be used as any other indirectly ad- 
dressable RAM location. For example, if only 
3 levels of subroutine nesting are used, then 
only locations 8-13 need be reserved for the 
program counter stack, and locations 14-23 
can be used for data storage. 



Unlike the 8048, in the 8022 the unincremented 
program counter address is stored in the ad- 
dress stack. The stack contents are then in- 
cremented before being loaded into the pro- 
gram counter during a return (RET) from 
subroutine. However, during a return (RETI) 
from interrupt, the stack contents are loaded 
directly into the program counter. This dif- 
ference makes it imperative to use only RETI's 
to return from interrupts, and RET's to return 
from subroutines. 

Since the program counter's addresses are 11 
bits long, two bytes or registers must be used 
to store a single address. Thus, the 16-byte 
program counter stack permits up to a total of 



2.6.3 Oscillator and Clock 

The 8022 contains its own on-board oscillator 
and clock circuit, requiring only an external 
timing control element. See Figure 2-28. This 
control element can be a crystal, inductor, or 
clock. All internal time slots are derived from 
the external element, and all outputs are a 
function of the oscillator frequency. An in- 
struction cycle consists of 10 states, and each 
state is a time slot of 3 oscillator periods. 
Therefore, to obtain a 10 ms instruction cycle, 
a 3 MHz crystal should be used. The minimum 
instruction cycle time of 8.38 m sec corresponds 
to a 3.58 MHz crystal. 



+ 5V 



OPTIONAL 
C = 20— SOpF 



= I— I 



XTAL 2 



6 — 3 6 MHi 



INDUCTOR CRYSTAL 



TTL 
GATE 



I 



XTAL 2 



Figure 2-28. Frequency Reference Options 
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2.6.4 Timer/Event Counter 

Like the other MCS-48 microcomputers, the 
8022 has an internal timer/ event counter. This 
circuit can monitor elapsed time or count ex- 
ternal events that occur during program execu- 
tion. See the 8021H description, Section 2.5.4, 
for a complete explanation. 

2.6.5 Input/Output Capabilities 

The 8022 has 26 lines which can be used for 
digital input or output functions. These lines 
are organized as 3 ports of 8 lines, each of 
which serve as either inputs, outputs, or 
bidirectional ports, and 2 test inputs which can 
alter program sequences when tested by condi- 
tional jump instructions. 

Ports 1 and 2 have identical operating 
characteristics and are both quasi-bidirection- 
al. That is, each line may serve as an input, an 
output, or both. Data written to these ports is 
statically latched and remains unchanged until 
rewritten. As inputs, these lines are non- 
latching, i.e., inputs must be present until read 
by an input instruction. Inputs are fully TTL 
compatible and all outputs will drive at least 
one standard TTL load. See Section 2. 1 .4 for a 
more complete description of the quasi- 
bidirectional structure. 

PORT COMPARATOR INPUTS 

Port has been modified from the standard 
quasi-bidirectional structure to allow an op- 
tional open drain configuration with com- 
parator inputs. The low impedance pullup 
device has been eliminated and the high im- 
pedance pullup is optional. Thus, the user can 
choose via a mask programmable selection 
each line of port to be either quasi- 
bidirectional with a high impedance or true 



open drain. The open drain configuration 
allows the line to sink current through the low 
impedance pulldown device or to float in the 
high output state. More importantly, the open 
drain configuration makes port very easy to 
drive when it is used as inputs. The input cir- 
cuitry for each line of port includes a voltage 
comparator which amplifies the voltage dif- 
ference between the input port line and the 
port threshold reference pin (Vjh)- Tne 
voltage gain of the comparator is sufficient to 
sense a 100 mV input differential within the 
range Vss to VcC /2 - 

If Vjh is allowed to float, it will bias itself to 
the digital switch point of the other ports, and 
port behaves as a set of normal digital in- 
puts. However, by biasing Vth> tne switch 
point can be both tightly controlled and ad- 
justed. Common uses for this would include 
high noise margin inputs (Vqq/2), unusual 
logic level inputs as from a diode isolated 
keyboard, analog channel expansion, and 
direct capacitive touchpanel interface. The 
comparator action is automatic and the port is 
read just as any other port. 

HIGH CURRENT OUTPUTS 

High current drive is desirable for minimizing 
external parts required to do high power con- 
trol. P10 and Pll have been designated high 
drive outputs capable of sinking 7mA at Vss 
+ 2.5 volts. (For clarity, this is 7mA to Vss 
with a 2.5 volt drop across the buffer.) These 
pins may, of course, be paralleled for 14mA 
drive if the output logic states are always the 
same. 

EXPANDED I/O 

In addition to the 26 digital I/O lines con- 
tained on-board the 8022, a user can obtain 



2-34 



AFN-02174A 



SINGLE COMPONENT MCS-48 SYSTEM 



additional I/O lines by utilizing the Intel 8243 
I/O expander chip or standard TTL. The 8243 
interfaces to 4 port lines of the 8022 (lower 
half of port 2) and is strobed by the PROG line 
of the 8022. 

The interface procedure is exactly the same as 
with the 8021 H. 

2.6.6 Test and Interrupt Inputs 

In addition to the 24 general purpose I/O lines 
which comprise ports 0, 1 , and 2, the 8022 has 
two inputs which are testable via conditional 
jump instructions, TO and Tl. These pins 
allow inputs to cause program branches 
without the necessity to load an input port into 
the accumulator. TO and Tl have other func- 
tions as well. 



rupt sources at the input pin. When an inter- 
rupt is detected, it causes a "jump to 
subroutine" at location 3 in program memory 
as soon as all other cycles of the current in- 
struction are complete. At this time, the pro- 
gram counter contents are saved in the pro- 
gram counter stack, but the remaining status 
of the processor is not. Unlike the 8048, the 
8022 does not contain a program status word. 
Thus, when appropriate, the carry and aux- 
iliary carry flags are saved in software, as is the 
accumulator. The routine shown below saves 
the accumulator and the carry flags in only 
four bytes. 



Instructions 

MOV R6,A 
CLR A 
DA A 

MOV R7,A 



Bytes Comments 



1 ;save accumulator 

1 ;clear accumulator 

1 ;convert carry flags into sixes 

1 ;save status of carry flags 



The Test pin serves as an external interrupt 
input as well as a testable input. An interrupt 
sequence is initiated by applying a low "0" level 
input to the TO pin when external interrupt is 
enabled. Interrupt is level triggered and active 
low to allow "WIRE ORING" of several inter- 



The end of an interrupt service subroutine is 
marked by the execution of a Return from In- 
terrupt instruction (RETI). Prior to returning 
from the interrupt subroutine, however, the 
status of the accumulator and the carry flags 
are restored in software. The following routine 
■ 



WRITE _ 
PULSE 






Q 







FLIP- 




FLOP 




CLK 







I/O PIN 
PORT 



: 



Figure 2-29. Port I/O Structure 
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restores the status of the accumulator and the 

carry flags, which was previously saved, in five 
bytes. 

Instructions Bytes Comments 

MOV A,R7 1 ;restore carry flags status to 

Add A,#0AAH 2 ;accumulator and set/clear carry flags 

MOV A,R6 1 ;restore accumulator 

RETI 1 ;return 

The interrupt system is single level in that once 
an interrupt is detected, all further interrupt 
requests are ignored until execution of a RETI 
re-enables the interrupt input logic. This se- 
quence holds true also for an internal interrupt 
generated by timer overflow. If an external in- 
terrupt and an internal timer/counter 
generated interrupt are detected at the same 
time, the external source will be recognized. If 
needed, a second external interrupt can be 
created by enabling the timer/counter inter- 
rupt, loading FFH in the counter (one less than 
terminal count) and enabling the event counter 
mode. A low-to-high transition on the Tl in- 
put will then cause an interrupt vector to loca- 
tion 7. 

The Test 1 pin, in addition to being a testable 
input, serves two other important functions. It 
can be used as an input pin to the external 
event counter, as previously mentioned, and it 
can be used to detect the zero crossing point of 
slow moving AC signals. Execution of the 
STRT CNT instruction puts the Tl pin in the 
counter input mode by connecting Tl to the 
counter and enabling the counter. Subsequent 
low- to-high transitions on Tl will cause the 
counter to increment. Note that this operation 
differs from the rest of the MCS-48 devices, 
which increment the counter on high-to-low 
transitions. This change was made on the 8022 
to take advantage of the accuracy of the rising 
edge detection on the zero cross circuitry. The 
maximum rate at which the counter may be in- 



cremented is once per three instruction cycles 
(every 30 ms when using a 3 MHz crystal) 
—there is no minimum frequency. 

In addition to serving as a testable input and as 
the counter input, the Tl pin has special cir- 
cuitry to detect when an AC signal crosses its 
average DC level. When driven directly, this 
pin responds as a normal digital input. To 
utilize the zero cross detection mode, an AC 
signal of approximately 1-3 VAC p-p 
magnitude and a maximum frequency of 1 
kHz is coupled through an external capacitor 
(1 mF) to the Tl pin. 

The internal digital state is sensed as a zero un- 
til the rising edge crosses the DC average level, 
when it becomes a one. This is accomplished 
by the self-biasing high gain amplifier which is 
included in the Tl input. This circuit biases the 
Tl input exactly at its switching point, such 
that a small change will cause a digital transi- 
tion to occur. This digital transition takes 
place within 5 degrees of the zero point. The 
digital value of Tl remains a one until the fall- 
ing edge of the AC input drops approximately 
100 mV below the switching point of the rising 








Figure 2-30. Zero-Cross Detection 
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edge (100 mV below the zero point, if the 
digital transition occurred exactly at the zero 
point). The 100 mV offset is created by 
hysteresis and eliminates chattering of the in- 
ternal signal caused by the external noise. 

The zero cross detection capability allows the 
user to make the 60 Hz power signal the basis 
for this system timing. All timing routines, in- 
cluding time-of-day, can be implemented using 
the zero cross detection capability of Tl and its 
conditional jump instructions. In addition, the 
zero cross detection feature can be used in con- 
junction with the timer interrupt to interrupt 
processing at the zero voltage point. This 
enables the user to control voltage phase sen- 
sitive devices such as triacs and SCRs, and to 
use the 8022 in applications such as shaft speed 
and angle measurement. 

2.6.7 Analog to Digital Converter 

The 8022 contains on-chip a complete hard- 
ware implementation of an 8-bit analog to 
digital (A/D) converter with two multiplexed 
analog inputs. The A/D converter utilizes a 
successive approximation technique to provide 
an updated conversion once every four instruc- 
tion cycles with a minimum of required soft- 
ware. 

The A/D converter consists of four main 
parts, the input circuitry, a series string of 
resistors, a voltage comparator, and the suc- 
cessive approximation logic. The two analog 
inputs are multiplexed on-chip and selected via 
software by the SEL AN0 and SEL AN1 in- 
structions. Besides selecting one of the analog 
inputs, these instructions restart the conver- 
sion sequence which operates continuously. 
Restarting a conversion sequence deletes the 
conversion in progress but does not affect the 
result of the previous conversion which is 



stored in the conversion result register. The 
continuous operation of the A/D converter 
saves program space and time by allowing the 
user to obtain multiple readings from a given 
input with only one select instruction. To ob- 
tain a valid conversion reading, the user must 
provide the analog input signal no later than 
the beginning of the select instruction cycle. 
The analog input is then sampled by the A/D 
converter and maintained internally. This 
voltage becomes one input to the voltage com- 
parator which amplifies the difference between 
the analog input and the voltage tap on the 
series resistor string. 

The series resistor string is connected between 
the A/D reference pin (Varef) and ground 
(AVss)- It is comprised of 256 identical 
resistors which divide the voltage between 
these two pins into 256 identical voltage steps. 
This configuration gives the converter its in- 
herent monotonicity. The range of Varef in 



Figure 2-31. A/D Converter Block Diagram 
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which full 8-bit resolution can be provided is 
between Vcc/2 and VcC- 

Thus, the user is given a minimum voltage 
range from ground to V^c /2 and a maximum 
range from ground to VQC over which 8-bit 
resolution is insured. 

The voltage tap on the series resistor string is 
selected by the resistor ladder decoder. This 
decoder is driven by the 8-bit successive ap- 
proximation register (SAR). Each bit of the 
SAR is set in succession, MSB to LSB, and a 
voltage comparison between the selected 
resistor ladder voltage and the analog input 
voltage is performed after the setting of each 
bit. The result of each comparison determines 
whether the particular bit will remain set or be 
reset. All comparisons are performed 
automatically by the on-chip A/D hardware. 
At the end of 8 comparisons the SAR contains 
a valid digital result which is then latched into 
the conversion result register (CRR). The RAD 
instruction (read A/D) loads the conversion 
result from the CRR to the accumulator of the 
8022. 

As mentioned previously, the software and 
time required to perform an A/D conversion is 
optimized by the 8022's on-chip A/D converter 
configuration. Typical software for reading 
two sequential A/D conversions and storing 
them in data memory is shown below: 



First 


SEL ANO 


;Starts conversion of ANO input 


Conversion 


MOV R0,*24 


;Set up memory pointer 


50>is 


RAD 


;First conversion value to 


4 bytes 




accumulator 


Second 


MOV@R0,A 


;Store first conversion value 


Conversion 


INC R0 


increment memory location 


40+ts 


RAD 


;Second conversion value to 


3 bytes 




accumulator 









Note that the second conversion occurs 
without a second select instruction being used. 
Rather, the continous operation of the A/D 
converter provides an updated digital value 4 
instruction cycles after the first. 

To insure maximum accuracy from the A/D 
converter, separate power supply pins (AVcc 
and AVSS) and a substrate pin (SUBST) have 
been provided. Supplying the power supply 
pins with a well filtered and regulated voltage 
supply minimizes the effect of power supply 
variance and system noise. The substrate pin 
should be bypassed to ground through a 500 
pF to 0.001 /iF capacitor. 

2.6.8 CPU 

The 8022 CPU has arithmetic and logical 
capability. There is a wide variety of 
arithmetic and logic instructions which affect 
the contents of the accumulator, and/ or direct 
or indirect scratchpad locations. Provisions 
have been made for simplified BCD arithmetic 
capability using the DAA, SWAP A, and 
XCHD instructions. In addition, MOVP A, 
@A allows table lookup for display formating 
and constants. The conditional branch logic 
within the processor enables several conditions 
internal and external to the processor to be 
tested by the user's program. Use the condi- 
tional jump instructions with the tests listed 
below to effect a change in the program execu- 
tion sequence. 





Jump 


Jump 


Test 


Condition 


Instructions 


Accumulator 


A = A*0 


JZ JNZ 


Carry Flag 


1 


JNC.JC 


Timer Overflow Flag 


— 1 


JTF 


Test lnput-T1 


1 


JNT1 , JT1 


Test Input-TO 


1 


JNT0, JT0 
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2.6.9 8022 Testing and Debugging 

To facilitate testing and debug, certain test 
modes may be activated in the 8022 by raising 
combinations of RESET, TEST 1 and PROG 
to 15 volts. Internal ROM is dumped out se- 
quentially for verification. External memory 
operation is used for CPU checkout. 



Rase! Prog Test 1 Case Function 



5V 


X 


X 


Power On Clear 


OV 


X 


X 


Normal Operation 


15V 


15V 


15V 


Mode 1a On each cycle internal ROM is 
dumped to Port — Sequentially 
after ALE leading edge. 


15V 


15V 


-TL 


Mode 1b On every TEST 1 falling edge the 
program counter increments, 
dumps internal ROM to Port 0. 


OV 


15V 


X 


Mode 2 Chip will operate from external 
memory (one page) via Port 0. 
ALE strobes Address out, 
memory in. 


15V 


X 


X 


Mode 3 Chip accepts op codes into Port 
1 . Allows Port and 8243 testing. 



NOTE 

X = Normal mode - between OV and V C c 
Test 1 in Mode 1 b should be limited to V cc 
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CHAPTER 3 
EXPANDED MCS®48 SYSTEM 



3.0 INTRODUCTION 

If the capabilities resident on the single-chip 
8048H/8748/8035HL/8049H/8749H/8039HL 
are not sufficient for your system re- 
quirements, special on-board circuitry allows 
the addition of a wide variety of external 
memory, I/O, or special peripherals you may 
require. The processors can be directly and 
simply expanded in the following areas: 

• Program Memory to 4K words 

• Data Memory to 320 words (384 words 
with 8049H) 

• I/O by unlimited amount 

• Special Functions using 8080/ 
8085AH peripherals 

By using bank switching techniques, maximum 
capability is essentially unlimited. Bank 
switching is discussed later in the chapter. Ex- 
pansion is accomplished in two ways: 

1) Expander I/O— A special I/O Expander 
circuit, the 8243, provides for the addition 
of four 4-bit Input/Output ports with the 
sacrifice of only the lower half (4-bits) of 
port 2 for inter-device communication. 
Multiple 8243's may be added to this 4-bit 
bus by generating the required "chip 
select" lines. 

2) Standard 8085 Bus -One port of the 
8048H/8049H is like the 8-bit bidirec- 
tional data bus of the 8085 microcom- 
puter system allowing interface to the 
numerous standard memories and 
peripherals of the MCS-80/85 microcom- 
puter family. 

MCS-48 systems can be configured using 
either or both of these expansion features to 
optimize system capabilities to the application. 



Both expander devices and standard memories 
and peripherals can be added in virtually any 
number and combination required. 

3.1 EXPANSION OF PROGRAM 
MEMORY 

Program Memory is expanded beyond the resi- 
dent IK or 2K words by using the 8085 BUS 
feature of the MCS-48. All program memory 
fetches from the addresses less than 1024 on 
the 8048H and less than 2048 on the 8049H 
occur internally with no external signals being 
generated (except ALE which is always pre- 
sent).. At address 1024 on the 8048H, the pro- 
cessor automatically initiates external program 
memory fetches. 

3.1.1 Instruction Fetch Cycle 
(External) 

As shown in Figure 3-1, for all instruction 
fetches from addresses of 1024 (2048) or 
greater, the following will occur: 

1) The contents of the 12-bit program 
counter will be output on BUS and the 
lower half of port 2. 

2) Address Latch Enable (ALE) will indicate 
the time at which address is valid. The 
trailing edge of ALE is used to latch the 
address externally. 

3) Program Store Enable (PSEN) indicates 
that an external instruction fetch is in pro- 
gress and serves to enable the external 
memory device. 

4) BUS reverts to input (floating) mode and 
the processor accepts its 8-bit contents as 
an instruction word. 

All instruction fetches, including internal ad- 
dresses, can be forced to be external by ac- 
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~~l 1 

BUS FLOATING^" ^ FLOATING -y~^ FLOAT.NO 

ADDHESS INSTRUCTION 



Figure 3-1. Instruction Fetch from 

External Program Memory 

tivating the EA pin of the 8048H/8049H. The 
8035HL/8039HL processors without program 
memory always operate in the external pro- 
gram memory mode (EA = 5V). 

3.1.2 Extended Program Memory 
Addressing (Beyond 2K) 

For programs of 2K words or less, the 
8048H/8049H addresses program memory in 
the conventional manner. Addresses beyond 
2047 can be reached by executing a program 
memory bank switch instruction (SEL MBO, 
SEL MB1) followed by a branch instruction 
(JMP or CALL). The bank switch feature ex- 
tends the range of branch instructions beyond 
their normal 2K range and at the same time 
prevents the user from inadvertently crossing 
the 2K boundary. 

PROGRAM MEMORY BANK SWITCH 

The switching of 2K program memory banks is 
accomplished by directly setting or resetting 
the most significant bit of the program counter 
(bit 1 1); see Figure 3-2. Bit 11 is not altered by 
normal incrementing of the program counter 
but is loaded with the contents of a special flip- 
flop each time a JMP or CALL instruction is 
executed. This special flip-flop is set by ex- 



3 



Conventional Program Counter 
• Counts OOOH lo 7FFH 



• Overflows 7FFH to OOOH 



I Li ■ 



JMP or CALL instructions transfer contents e 

internal filpflop to An 
• Filpflop set by SEL MB1 

•:x o BEsTT ,b,sELMBo 

During interrupt service routine 

An is forced to "0" 

All 12 bits are saved in stack 



Figure 3-2. Program Counter 

ecuting an SEL MB1 instruction and reset by 
SEL MBO. Therefore, the SEL MB instruction 
may be executed at any time prior to the actual 
bank switch which occurs during the next 
branch instruction encountered. Since all 
twelve bits of the program counter, including 
bit 11, are stored in the stack, when a Call is 
executed, the user may jump to subroutines 
across the 2K boundary and the proper bank 
will be restored upon return. However, the 
bank switch flip-flop will not be altered on 
return. 



INTERRUPT ROUTINES 



Interrupts always vector the program counter 
to location 3 or 7 in the first 2K bank, and bit 
1 1 of the program counter is held at "0" during 
the interrupt service routine. The end of the 
service routine is signalled by the execution of 
an RETR instruction. Interrupt service 
routines should therefore be contained entirely 
in the lower 2K words of program memory. 
The execution of a SEL MBO or SEL MB1 in- 
struction within an interrupt routine is not 
recommended since it will not alter PCI 1 while 
in the routine, but will change the internal flip- 
flop. 
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3.1.3 Restoring I/O Port 
Information 

Although the lower half of Port 2 is used to 
output the four most significant bits of address 
during an external program memory fetch, the 
I/O information is still outputed during cer- 
tain portions of each machine cycle. I/O infor- 
mation is always present on Port 2's lower 4 
bits at the rising edge of ALE and can be 
sampled or latched at this time. 

3.1.4 Expansion Examples 

Shown in Figure 3-3 is the addition of 2K 
words of program memory using an 2716A 2K 
x 8 ROM to give a total of 3K words of pro- 
gram memory. In this case no chip select 
decoding is required and PSEN enables the 
memory directly through the chip select input. 
If the system requires only 2K of program 
memory, the same configuration can be used 
with an 8035HL substituted for the 8048H. 
The 8049H would provide 4K of program 
memory with the same configuration. 



Figure 3-4 shows how the 8755/8355 
EPROM/ROM with I/O interfaces directly to 
the 8048H without the need for an address 
latch. The 8755/8355 contains an internal 8-bit 
address latch eliminating the need for an 8212 
latch. In addition to a 2K x 8 program 
memory, the 8755/8355 also contains 16 I/O 
lines addressable as two 8-bit ports. These 
ports are addressed as external RAM; 
therefore the RD and WR outputs of the 
8048H are required. See the following section 
on data memory expansion for more detail. 
The subsequent section on I/O expansion ex- 
plains the operation of the 16 I/O lines. 

3.2 EXPANSION OF DATA 
MEMORY 

Data Memory is expanded beyond the resident 
64 words by using the 8085AH type bus 
feature of the MCS-48. 



3.2.1 Read/Write Cycle 



All address and data is transferred over the 8 







8048H ALE 



BUS 
PSEN 



8282 
LATCH 







- 



2716 
EPROM 



DATA 
OUT 
CS 



USING 2K x 8 EPROM 



Figure 3-3. Expanding MCS-48 Program Memory Using Standard Memory Products 
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Figure 3-4. External Program Memory 
Interface 



lines of BUS. As shown in Figure 3-5, a read or 
write cycle occurs as follows: 

1) The contents of register RO or Rl is out- 
puted on BUS. 

2) Address Latch Enable (ALE) indicates 
address is valid. The trailing edge of ALE 
is used to latch the address externally. 

3) A read (RD) or write (WR) pulse on the 
corresponding output pins of the 8048H 
indicates the type of data memory access 
in progress. Output data is valid at the 
trailing edge of WR and input data must 
be valid at the trailing edge of RD. 

4) Data (8 bits) is transferred in or out over 
BUS. 



. . _ 

ALE | | 







RD 







I 

I I 



BUS FLOATING^VDDRESS^ ^DATA 



FLOATING 



FLOATING 

READ FROM EXTERNAL DATA MEMORY 



J 



L 



WR 



BUS FLOATING^ADDRESS^FLOATING^ DATA ^"FLOATING 



WRITE TO EXTERNAL DATA MEMORY 



Figure 3-5. External Data Memory Timings 
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3.2.2 Addressing External Data 
Memory 

External Data Memory is accessed with its own 
two-cycle move instructions, MOVX A, @R 
and MOVX @R, A, which transfer 8 bits of 
data between the accumulator and the external 
memory location addressed by the contents of 
One of the RAM Pointer Registers RO and Rl . 
This allows 256 locations to be addressed in 
addition to the resident locations. Additional 



3.3 EXPANSION OF 
INPUT/OUTPUT 

There are four possible modes of I/O expan- 
sion with the 8048H: one using a special low- 
cost expander, the 8243; another using stand- 
ard MCS-80/85 I/O devices; and a third using 
the combination memory/I/O expander 
devices the 8155, 8355, and 8755. It is also 
possible to expand using standard TTL devices 
as shown in Chapter 5. 



ges may be added by "bank switching" 

th extra output lines of the 8048H. 3.3.1 I/O Expander Device 



wi 

3.2.3 Examples of Data Memory 
Expansion 



■ 



Figure 3-6 shows how the 8048H can be ex- 
panded using the 8155 memory and I/O ex- 
panding device. Since the 8155 has an internal 
8-bit address latch, it can interface directly to 
the 8048H without the use of an external latch. 
The 8155 provides an additional 256 words of 
static data memory and also includes 22 I/O 
lines and a 14-bit timer. See the following sec- 
tion on I/O expansion and the 8155 data sheet 
for more details on these additional features. 



The most efficient means of I/O expansion for 
small systems is the 8243 I/O Expander Device 
which requires only 4 port lines (lower half of 
Port 2) for communication with the 8048H. 
The 8243 contains four 4-bit I/O ports which 
serve as an extension of the on-chip I/O and 
are addressed as ports #4-7 (see Figure 3-7). 
The following operations may be performed 
on these ports: 



Transfer Accumulator to Port 
Transfer Port to Accumulator 
AND Accumulator to Port 
OR Accumulator to Port 







BUS < * 8 S AD . 7 



8048H ^ 

RD 
PORT 



c 



<=a=>" 



"~| TEST 
-1 INPUTS 



ALE 8155 

256 X 8 
— RAM 
WR 

RD 

IO/M 



I/O 

-TIMER IN 
-TIMER OUT 



Figure 3-6. 8048H Interface to 256 x 8 Standard Memories 

3-5 



AFN-02174A 



EXPANDED MCS-48 SYSTEM 



8021 H 
8050H 
8049H 
8048H 



I TEST 
I INPUTS 



CHIP SELECT CONNECTION IF MORE 
THAN ONE EXPANDER IS USED 



PROG 
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PROG 
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01 _ PORT 01 I WRITE 

10 ADDRESS 10 \ OR 

_. Ilj 1lJ AND 







ADDRESS 
AND OPCODE 



•16 I/O Lines on 8021H 



DATA (4-BITS) 

Output Expander Timing 



Figure 3-7. 8243 Expander I/O Interface 



A 4-bit transfer from a port to the lower half 
of the Accumulator sets the most significant 
four bits to zero. All communication between 
the 8048H and the 8243 occurs over Port 2 
lower (P20-P23) with timing provided by an 
output pulse on the PROG pin of the pro- 
cessor. Each transfer consists of two 4-bit nib- 
bles: The first containing the "op code" and 
port address, and the second containing the ac- 
tual 4 bits of data. 



Nibble 1 
3 2 10 
II I I I A| A| 
Instruction 
Code 

II 



Port 
Address 



Nibble 2 
3 2 10 
Id | d | d | d| 
data 



AA 



00 Read 

01 Write 

10 OR 

11 AND 



00 - Port U 

01 - Port #5 
10- Port #6 
1 1 - Port #7 



A high to low transition of the PROG line in- 
dicates that address is present, while a low to 
high transition indicates the presence of data. 
Additional 8243's may be added to the four-bit 
bus and chip selected using additional output 
lines from the 8048H/8748. 

I/O PORT CHARACTERISTICS 

Each of the four 4-bit ports of the 8243 can 
serve as either input or output and can provide 
high drive capability in both the high and low 
state. 
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3.3.2 I/O Expansion with Standard 
Peripherals 

Standard MCS-80/85 type I/O devices may be 
added to the MCS-48 using the same bus and 
timing used for Data Memory expansion. 
Figure 3-8 shows an example of how an 8048H 
can be connected to an MCS-85 peripheral. 
I/O devices reside on the Data Memory bus 
and in the data memory address space and are 
accessed with the same MOVX instructions. 
(See the previous section on data memory ex- 
pansion for a description of timing.) The 
following are a few of the Standard MCS-80 
devices which are very useful in MCS-48 



8214 Priority Interrupt Encoder 
8251 Serial Communications Interface 

8255 General Purpose Programmable 
I/O 

8279 Keyboard/Display Interface 
8253 Interval Timer 



3.3.3 Combination Memory and I/O 
Expanders 

As mentioned in the sections on program and 
data memory expansion, the 8355/8755 and 
8155 expanders also contain I/O capability. 

8355/8755: These two parts of ROM and 
EPROM equivalents and therefore contain the 
same I/O structure. I/O consists of two 8-bit 
ports which normally reside in the external 
data memory address space and are accessed 
with MOVX instructions. Associated with 
each port is an 8-bit Data Direction Register 
which defines each bit in the port as either an 
input or an output. The data direction registers 
are directly addressable, thereby allowing the 
user to define under software control each in- 
dividual bit of the ports as either input or out- 
put. All outputs are statically latched and dou- 
ble buffered. Inputs are not latched. 

8155/8156: I/O on the 8155/8156 is con- 
figured as two 8-bit programmable I/O ports 
and one 6-bit programmable port. These three 
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8. Keyboard/Display Interface 
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Figure 3-9. Low Cost I/O Expansion 



registers and a Control/Status register are ac- 
cessible as external data memory with the 
MOVX instructions. The contents of the con- 
trol register determines the mode of the three 
ports. The ports can be programmed as input 
or output with or without associated hand- 
shake communication lines. In the handshake 
mode, lines of the six-bit port become input 
and output strobes for the two 8-bit ports. 
Also included in the 8155 is a 14-bit program- 
mable timer. The clock input to the timer and 
the timer overflow output are available on ex- 
ternal pins. The timer can be programmed to 
stop on terminal count or to continuously 



reload itself. A square wave or pulse output on 
terminal count can also be specified. 

I/O EXPANSION EXAMPLES 
(SEE ALSO CHAPTER 5) 



Figure 3-9 shows the expansion of I/O using 
multiple 8243's. The only difference from a 
single 8243 system is the addition of chip 
selects provided by additional 8048H output 
lines. Two output lines and a decoder could 
also be used to address the four chips. Large 
numbers of 8243's would require a chip select 
decoder chip such as the 8205 to save I/O pins. 
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Figure 3-10. Interface to MCS-80 Peripherals 
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Figure 3-10 shows the 8048H interface to a 
standard MCS-80 peripheral; in this case, the 
8255 Programmable Peripheral Interface, a 
40-pin part which provides three 8-bit pro- 
grammable I/O ports. The 8255 bus interface 
is typical of programmable MCS-80 
peripherals with an 8-bit bidirectional data 
bus, a RD and WR input for Read/Write con- 
trol, a CS (chip select) input used to enable the 
Read/Write control logic and the address in- 
puts used to select various internal registers. 

Interconnection to the 8048H is very 
straightforward with BUS, RD, and WR con- 
necting directly to the corresponding pins on 
the 8255. The only design consideration is the 
way in which the internal registers of the 8255 
are to be addressed. If the registers are to be 



addressed as external data memory using the 
MOVX instructions, the appropriate number 
of address bits (in this case, 2) must be latched 
on BUS using ALE as described in the section 
on external data memories. If only a single 
device is connected to BUS, the 8255 may be 
continuously selected by grounding CS. If 
multiple 8255's are used, additional address 
bits can be latched and used as chip selects. 

A second addressing method eliminates exter- 
nal latches and chip select decoders by using 
output port lines as address and chip select 
lines directly. This method, of course, requires 
the setting of an output port with address in- 
formation prior to executing a MOVX instruc- 
tion. 
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Figure 3-11. The Three-Component MCS-48 System 
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3.4 MULTI-CHIP MCS-48 SYSTEMS 

Figure 3-11 shows the addition of two memory 
expanders to the 8048H, one 8355/8755 ROM 
and one 8156 RAM. The main consideration in 
designing such a system is the addressing of the 
various memories and I/O ports. Note that in 
this configuration address lines A 10 and A,, 
have been ORed to chip select the 8355. This 
ensures that the chip is active for all external 
program memory fetches in the IK to 3K range 
and is disabled for all other addresses. This 
gating has been added to allow the I/O port of 
the 8355 to be used. If the chip was left 
selected all the time, there would be conflict 
between these ports and the RAM and I/O of 
the 8156. The NOR gate could be eliminated 
and A, | connected directly to the CE (instead 
of CE) input of the 8355; however, this would 



create a IK word "hole" in the program 
memory by causing the 8355 to be active in the 
2K and 4K range instead of the normal IK to 
3K range. 

In this system the various locations are ad- 
dressed as follows: 



Data RAM — Addresses to 255 when 
Port 2 Bit has been previously set = 1 
and Bit 1 set = 

RAM I/O -Addresses to 3 when Port 
2 Bit = 1 and Bit 1 = 1 
ROM I/O -Addresses to 3 when Port 
2 Bit 2 or Bit 3 = 1 



See the memory map in Figure 3-12. 
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Figure 3-12. Memory Map for Three- Component MCS-48 Family 
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3.5 MEMORY BANK SWITCHING 



3.6 CONTROL SIGNAL SUMMARY 



Certain systems may require more than the 4K 
words of program memory which are directly 
addressable by the program counter or more 
than the 256 data memory and I/O locations 
directly addressable by the pointer registers RO 
and Rl . These systems can be achieved using 
"bank switching" techniques. Bank switching 
is merely the selection of various blocks or 
"banks" of memory using dedicated output 
port lines from the processor. In the case of 
the 8048H, program memory is selected in 
blocks of 4K words at a time, while data 
memory and I/O are enabled 256 words at a 
time. 

The most important consideration in im- 
plementing two or more banks is the software 
required to cross the bank boundaries. Each 
crossing of the boundary requires that the pro- 
cessor first write a control bit to an output port 
before accessing memory or I/O in the new 
bank. If program memory is being switched, 
programs should be organized to keep boun- 
dary crossings to a minimum. Jumping to 
subroutines across the boundary should be 
avoided when possible since the programmer 
must keep track of which bank to return to 
after completion of the subroutine. If these 
subroutines are to be nested and accessed from 
either bank, a software "stack" should be im- 
plemented to save the bank switch bit just as if 
it were another bit of the program counter. 

From a hardware standpoint bank switching is 
very straightforward and involves only the 
connection of an I/O line or lines as bank 
enable signals. These enables are ANDed with 
normal memory and I/O chip select signals to 
activate the proper bank. 



Table 3-1 summarizes the instructions which 
activate the various control outputs of the 
MCS-48 processors. During all other instruc- 
tions these outputs are driven to the inactive 



state. 



Table 3-1. MCS-48 Control Signals 



Control 
Signal 


When Active 


RD 


During MOVX A,@R or INS Bus 


WR 


During MOVX @R, A or OUTL Bus 


ALE 


Every Machine Cycle 


PSEN 


During Fetch of external program 
memory (instruction or immediate 
data) 


PROG 


During MOVD A,P ANLD P,A 
MOVD P,A ORLD P,A 
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3.7 PORT CHARACTERISTICS 
3.7.1 BUS Port Operations 

The BUS port can operate in three different 
modes: as a latched I/O port, as a bidirec- 
tional bus port, or as a program memory ad- 
dress output when external memory is used. 
The BUS port lines are either active high, ac- 
tive low, or high impedance (floating). 

The latched mode (INS, OUTL) is intended 
for use in the single-chip configuration where 
BUS is not being used as an expander port. 
OUTL and MOVX instructions can be mixed 
if necessary. However, a previously latched 
output will be destroyed by executing a MOVX 
instruction and BUS will be left in the high im- 
pedance state. INS does not put the BUS in a 
high impedance state. Therefore, the use of 
MOVX after OUTL to put the BUS in a high 
impedance state is necessary before an INS in- 
struction intended to read an external word (as 
opposed to the previously latched value). 



EXPANDED MCS-48 SYSTEM 



OUTL should never be used in a system with 
external program memory, since latching BUS 
can cause the next instruction, if external, to 
be fetched improperly. 

3.7.2 Port 2 Operations 

The lower half of Port 2 can be used in three 
different ways: as a quasi-bidirectional static 
port, as an 8243 expander port, and to address 
external program memory. In all cases outputs 
are driven low by an active device and driven 
high momentarily by a low impedance device 
and held high by a high impedance device to 

vcc. 



The port may contain latched I/O data prior 
to its use in another mode without affecting 
operation of either. If lower Port 2 (P20-3) is 
used to output address for an external pro- 
gram memory fetch, the I/O information 
previously latched will be automatically 
removed temporarily while address is present, 
then restored when the fetch is complete. 
However, if lower Port 2 is used to com- 
municate with an 8243, previously latched 
I/O information will be removed and not 
restored. After an input from the 8243, 
P20-3 will be left in the input mode (floating). 
After an output to the 8243, P20-3 will contain 
the value written, ANDed, or ORed to the 
8243 port. 
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Figure 3-13. MCS-48 Expansion Capability 
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CHAPTER 4 



4.0 INTRODUCTION 

The MCS-48 instruction set is extensive for a 
machine of its size and has been tailored to be 
straightforward and very efficient in its use of 
program memory. All instructions are either 
one or two bytes in length and over 70% are 
only one byte long. Also, all instructions ex- 
ecute in either one or two cycles and over 50% 
of all instructions execute in a single cycle. 
Double cycle instructions include all im- 
mediate instructions, and all I/O instructions. 
■ 

The MCS-48 microcomputers have been de- 
signed to handle arithmetic operations effi- 
ciently in both binary and BCD as well as han- 



__ 







die the single-bit operations required in control 
applications. Special instructions have also 
been included to simplify loop counters, table 
lookup routines, and N-way branch routines. 

4.0.1 Data Transfers 

As can be seen in Figure 4-1, the 8-bit ac- 
cumulator is the central point for all data 
transfers within the 8048. Data can be 
transferred between the 8 registers of each 
working register bank and the accumulator 
directly, i.e., the source or destination register 
is specified by the instruction. The remaining 
locations of the internal RAM array are re- 
ferred to as Data Memory and are addressed 
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Figure 4-1 . Data Transfer Instructions A fn«i74a 
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indirectly via an address stored in either RO or 
Rl of the active register bank. RO and Rl are 
also used to indirectly address external data 
memory when it is present. Transfers to and 
from internal RAM require one cycle, while 
transfers to external RAM require two. Con- 
stants stored in Program Memory can be load- 
ed directly to the accumulator and to the 8 
working registers. Data can also be transferred 
directly between the accumulator and the on- 
board timer/counter or the accumulator and 
the Program Status word (PSW). Writing to 
the PSW alters machine status accordingly and 
provides a means of restoring status after an 
interrupt or of altering the stack pointer if 
necessary. 



4.0.2 Accumulator Operations 

Immediate data, data memory, or the working 
registers can be added with or without carry to 
the accumulator. These sources can also be 
ANDed, ORed, or Exclusive ORed to the ac- 
cumulator. Data may be moved to or from the 
accumulator and working registers or data 
memory. The two values can also be ex- 
changed in a single operation. 

In addition, the lower 4 bits of the ac- 
cumulator can be exchanged with the lower 
4-bits of any of the internal RAM locations. 
This instruction, along with an instruction 
which swaps the upper and lower 4-bit halves 
of the accumulator, provides for easy handling 
of 4-bit quantities, including BCD numbers. 
To facilitate BCD arithmetic, a Decimal Ad- 
just instruction is included. This instruction is 
used to correct the result of the binary addition 
of two 2-digit BCD numbers. Performing a 
decimal adjust on the result in the accumulator 
produces the required BCD result. 



Finally, the accumulator can be incremented, 
decremented, cleared, or complemented and 
can be rotated left or right 1 bit at a time with 
or without carry. 

Although there is no subtract instruction in the 
8048H, this operation can be easily implement- 
ed with three single-byte single-cycle instruc- 
tions. 

A value may be subtracted from the ac- 
cumulator with the result in the accumulator 
by: 

• Complementing the accumulator 

• Adding the value to the accumulator 

• Complementing the accumulator 

4.0.3 Register Operations 

The working registers can be accessed via the 
accumulator as explained above, or can be 
loaded immediate with constants from pro- 
gram memory. In addition, they can be in- 
cremented or decremented or used as loop 
counters using the decrement and jump, if not 
zero instruction, as explained under branch in- 
structions. 

All Data Memory including working registers 
can be accessed with indirect instructions via 
RO and Rl and can be incremented. 

4.0.4 Flags 

There are four user-accessible flags in the 
8048H: Carry, Auxiliary Carry, F0, and Flj 
Carry indicates overflow of the accumulator, 
and Auxiliary Carry is used to indicate 
overflow between BCD digits and is used dur- 
ing decimal- adjust operation. Both Carry and 
Auxiliary Carry are accessible as part of the 
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program status word and are stored on the 
stack during subroutines. FO and Fl are 
undedicated general-purpose flags to be used 
as the programmer desires. Both flags can be 
cleared or complemented and tested by condi- 
tional jump instructions. FO is also accessible 
via the Program Status word and is stored on 
the stack with the carry flags. 

4.0.5 Branch Instructions 

The unconditional jump instruction is two 
bytes and allows jumps anywhere in the first 
2K words of program memory. Jumps to the 
second 2K of memory (4K words are directly 
addressable) are made first by executing a 
select memory bank instruction, then ex- 
ecuting the jump instruction. The 2K boun- 
dary can only be crossed via a jump or 
subroutine call instruction, i.e., the bank 
switch does not occur until a jump is executed. 
Once a memory bank has been selected all 
subsequent jumps will be to the selected bank 
until another select memory bank instruction 
is executed. A subroutine in the opposite bank 
can be accessed by a select memory bank in- 
struction followed by a call instruction. Upon 
completion of the subroutine, execution will 
automatically return to the original bank; 
however, unless the original bank is reselected, 
the next jump instruction encountered will 
again transfer execution to the opposite bank. 

Conditional jumps can test the following in- 
puts and machine status: 

• TO Input pin 

• Tljnput pin 

• INT Input Pin 

• Accumulator Zero 

• Any bit of Accumulator 



Carry Flag 
FO Flag 
Fl Flag 



Conditional jumps allow a branch to any ad- 
dress within the current page (256 words) of 
execution. The conditions tested are the in- 
stantaneous values at the time the conditional 
jump is executed. For instance, the jump on 
accumulator zero instruction tests the ac- 
cumulator itself, not an intermediate zero flag. 

The decrement register and jump if not zero 
instruction combines a decrement and a 
branch instruction to create an instruction very 
useful in implementing a loop counter. This in- 
struction can designate any one of the 8 work- 
ing registers as a counter and can effect a 
branch to any address within the current page 
of execution. 

A single-byte indirect jump instruction allows 
the program to be vectored to any one of 
several different locations based on the con- 
tents of the accumulator. The contents of the 
accumulator points to a location in program 
memory which contains the jump address. The 
8-bit jump address refers to the current page of 
execution. This instruction could be used, for 
instance, to vector to any one of several 
routines based on an ASCII character which 
has been loaded in the accumulator. In this 
way ASCII key inputs can be used to initiate 
various routines. 

4.0.6 Subroutines 

Subroutines are entered by executing a call in- 
struction. Calls can be made like uncondi- 
tional jumps to any address in a 2K word 
bank, and jumps across the 2K boundary are 
executed in the same manner. Two separate 
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return instructions determine whether or not 
status (upper 4-bits of PSW) is restored upon 
return from the subroutine. 

The return and restore status instruction also 
signals the end of an interrupt service routine 
if one has been in progress. 

4.0.7 Timer Instructions 

The 8-bit on board timer/ counter can be load- 
ed or read via the accumulator while the 
counter is stopped or while counting. The 
counter can be started as a timer with an inter- 
nal clock source or as an event counter or 
timer with an external clock applied to the Tl 
input pin. The instruction executed determines 
which clock source is used. A single instruction 
stops the counter whether it is operating with 
an internal or an external clock source. In ad- 
dition, two instructions allow the timer inter- 
rupt to be enabled or disabled. 

4.0.8 Control Instructions 

Two instructions allow the external interrupt 
source to be enabled or disabled. Interrupts 
are initially disabled and are automatically 
disabled while an interrupt service routine is in 
progress and re-enabled afterward. 

There are four memory bank select instruc- 
tions, two to designate the active working 
register bank and two to control program 
memory banks. The operation of the program 
memory bank switch is explained in section 
3.1.2. The working register bank switch in- 
structions allow the programmer to im- 
mediately substitute a second 8-register work- 
ing register bank for the one in use. This effec- 
tively provides 16 working registers or it can be 
used as a means of quickly saving the contents 



of the registers in response to an interrupt. The 
user has the option to switch or not to switch 
banks on interrupt. However, if the banks are 
switched, the original bank will be automat- 
ically restored upon execution of a return and 
restore status instruction at the end of the in- 
terrupt service routine. 

A special instruction enables an internal clock, 
which is the XTAL frequency divided by three 
to be output on pin TO. This clock can be used 
as a general-purpose clock in the user's system. 
This instruction should be used only to in- 
itialize the system since the clock output can be 
disabled only by application of system reset. 

4.0.9 Input/Output Instructions 

Ports 1 and 2 are 8-bit static I/O ports which 
can be loaded to and from the accumulator. 
Outputs are statically latched but inputs are 
not latched and must be read while inputs are 
present. In addition, immediate data from 
program memory can be ANDed or ORed 
directly to Port 1 and Port 2 with the result re- 
maining on the port. This allows "masks" 
stored in program memory to selectively set or 
reset individual bits of the I/O ports. Ports 1 
and 2 are configured to allow input on a given 
pin by first writing a "1" out to the pin. 

An 8-bit port called BUS can also be accessed 
via the accumulator and can have statically 
latched outputs as well. It too can have im- 
mediate data ANDed or ORed directly to its 
outputs, however, unlike ports 1 and 2, all 
eight lines of BUS must be treated as either in- 
put or output at any one time. In addition to 
being a static port, BUS can be used as a true 
synchronous bi-directional port using the 
Move External instructions used to access ex- 
ternal data memory. When these instructions 
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are executed, a corresponding READ or 
WRITE pulse is generated and data is valid 
only at that time. When data is not being 
transferred, BUS is in a high impedance state. 

The basic three on-board I/O ports can be ex- 
panded via a 4-bit expander bus using half of 
port 2. I/O expander devices on this bus con- 
sist of four 4-bit ports which are addressed as 
ports 4 through 7. These ports have their own 
AND and OR instructions like the on-board 
ports as well as move instructions to transfer 
data in or out. The expander AND and OR in- 
structions, however, combine the contents of 
accumulator with the selected port rather than 
immediate data as is done with the on-board 
ports. 

I/O devices can also be added externally using 
the BUS port as the expansion bus. In this case 
the I/O ports become "memory mapped", i.e., 
they are addressed in the same way as external 
data memory and exist in the external data 
memory address space addressed by pointer 
register RO or Rl. 

4.1 INSTRUCTION SET 
DESCRIPTION 

The following pages describe the MCS-48 in- 
struction set in detail. The instruction set is 
first summarized with instructions grouped 
functionally. This summary page is followed 
by a detailed description listed alphabetically 
by mnemonic opcode. 

The alphabetical listing includes the following 
information: 

• Mnemonic 

• Machine Code 

• Verbal Description 



• Symbolic Description 

• Assembly Language Example 

The machine code is represented with the most 
significant bit (7) to the left and two byte in- 
structions are represented with the first byte on 
the left. The assembly language examples are 
formulated as follows: 

Arbitrary 

Label: Mnemonic, Operand; 
Descriptive Comment 
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8048H/8748/8049H/8749H 
INSTRUCTION SET SUMMARY 



Mnemonic 


Description 


Bytes 


Cycle 


Accumulator 








ADD A, R 


Add register to A 




1 


ADD A, @R 


Add data memory to A 


1 


1 


ADD A, =data 


Add immediate to A 






ADDC A, R 


Add register with carry 


! 


! 


ADDC A, @R 


Add data memory with carry 




\ 


ADDC A, -data 


Add immediate with carry 






ANL A, R 


And register to A 


| 


1 


ANL A, @R 


And data memory to A 




1 


ANL A, ^data 


And immediate to A 






ORL A. R 


Or register to A 


1 




ORL A @R 


Or data memory to A 






OR L A, -data 


Or immediate to A 


I 




XRL A, R 


Exclusive Or register to A 






XR L A, @R 


Exclusive or data memory to A 






XR L A, =data 


Exclusive or immediate to A 






!NC A 


Increment A 


1 




DEC A 


Decrement A 






CLR A 


Clear A 






CPL A 


Complement A 


1 


j 


DA A 


Decimal Adjust A 




1 


SWAP A 


Swap nibbles of A 




1 


R L A 


Rotate A left 


1 


, 


RLC A 


Rotate A left through carry 


1 


1 


RR A 


Rotate A right 






RRC A 


Rotate A right through carry 






Input/Output 








INA.P 


Input port to A 


1 


2 


OUTL P, A 


Output A to port 


1 


2 


ANL P, #data 


And immediate to port 


2 


2 


ORL P, tfdata 


Or immediate to port 


2 


2 


1 NS A, BUS 


1 nput BUS to A 


1 


* 


OUTL BUS, A 


Output A to BUS 


1 


2 


AMI Ql IC 


And immediate to BUS 


2 


2 


uhl bUa, #data 


Or immediate to BUS 


2 


2 


MOVD A, P 


Input Expander port to A 


1 


2 


K Af~\ \ / l~\ O A 

MUVU r, A 


Output A to Expander port 


1 


2 


ANLD P, A 


And A to Expander port 


1 


2 


OR LD P, A 


Or A to Expander port 


1 


2 


Registers 








INC R 


Increment register 


1 


1 


INC @R 


1 ncrement data memory 


1 


1 


DEC R 


Decrement register 


1 


1 


Branch 








JMP addr 


Jump unconditional 


2 


2 


JMPP @A 


Jump indi-ect 


1 


2 


DJNZ R, addr 


Decrement register and jump 


2 


2 


JC addr 


Jump on Carry = 1 


2 


2 


JNCaddr 


Jump on Carry = 


2 


2 


J Z addr 


Jump on A Zero 


2 


2 


JNZaddr 


Jump on A no! Zero 


2 


2 


JTOaddr 


Jump on TO = 1 


2 


2 


JNTO addr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


JNT1 addr 


Jump on T1 =0 


2 


2 


JFOaddr 


Jump on FO = 1 


2 


2 


JF1 addr 


Jump on F 1 =1 


2 


2 


JTF addr 


Jump on timer flag =1 


2 


2 


JNI addr 


Jump on INT = 


2 


2 


JBb addr 


Jump on Accumulator Bit 


2 


2 



Description 



Subroutine 
CALL addr 
RET 
RETR 



Flags 
CLR C 
CPLC 
CLR FO 
CPL FO 
CLR F1 
CPL F1 



Data Moves 
MOV A, R 
MOV A, <9>R 
MOV A. (fdata 
MOV R, A 
MOV @>R, A 
MOV R, «data 
MOV@R,#data 
MOV A. PSW 
MOV PSW, A 
XCH A, R 
XCH A,@R 
XCHD A, @R 
MOVX A, @>R 
MOVX @>R, A 
MOVP A. @A 
MOVP3 A, ISA 



Timer/Counter 

MOV A. T 
MOV T. A 
STRT T 
STRT CNT 
STOP TCNT 
EN TCNTI 
DIS TCNTI 



Control 

EN I 
DIS I 
SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 
ENTO CLK 



Bytes 



Jump to subroutine 
Return 

Return and restore status 



Clear Carry 
Complement Carry 
Clear Flag 
Complement Flag 
Clear Flag 1 
Complement Flag 1 



Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data memory 
Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and registei 
Move external data memory to A 
Move A to external data memory 
Move to A from current page 
Move to A from Page 3 



Read Timer/Counter 
Load Timer/Counter 
Start Timer 
Start Counter 
Stop Timer/Counter 
Enable Til 
Disable Time 



imer/Counter Interrupt 
imer/Counter Interrupt 



Enable external interrupt 
Disable external interrupt 
Select register bank 
Select register bank 1 
Select memory bank 
Select memory bank 1 
Enable Clock output on TO 



No Operation 




Mnemonics copyright Intel Corporation 1982. 
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8021H/8020H 
INSTRUCTION SET SUMMARY 



Accumulator 


ADD 


A,R 


ADD 


A,@R 


ADD 


A.ffdata 


ADDC 


A.R 


ADDC 


A,@R 


ADDC 


A,#data 


ANL 


A,R 


ANL 


A, SIR 


ANL 


A,#data 


ORL 


A,R 


ORL 


A,@>R 


ORL 


A,#data 


XRL 


A.R 


XRL 


A,@R 


XRL 


A,#data 


INC 


A 


DEC 


A 


CLR 


A 


CPL 


A 


DA 


A 


SWAP 


A 


RL 


A 


RLC 


A 


RR 


A 


RRC 


A 



Input/Output 

IN A,P 

OUTL P,A 

* MOVD A.P 

* MOVD P.A 

* AM LD P.A 

* OR LD P.A 



Registers 

INC B 

INC @ 



Description 



Add register to A 
Add data memory to A 
Add immediate to A 
Add with carry 
Add with carry 
Add with carry 
And register to A 
And data memory to A 
And immediate to A 
Or register to A 
Or data memory to A 
Or immediate to A 
Exclusive Or register to A 
Exclusive or data memory to A 
Exclusive or immediate to A 
Increment A 
Decrement A 
Clear A 

Complement A 
Decimal Adjust A 
Swap nibbles of A 
Rotate A left 
Rotate A left through ca> 



Bytes 



Cycle 



Input port to A 

Output A to port 

Input Expander port to A 

Output A to Expander port 

And A to Expander port 

Or A to Expander port 



Increment register 
Increment data memory 



Mnemonic 


Description 


Bytes 


Cycle 


Branch 










JMP addr 


Jump unconditional 




2 


2 


JMPP @A 


Jump indirect 




1 


2 


DJNZ R.addr 


Decrement register and Jump 


2 


2 




on R not zero 








JC addr 


Jump on Carry = 1 




2 


2 


JNC addr 


Jump on Carry = 




2 


2 


JZ addr 


Jump on A Zero 




2 


2 


JNZ addr 


Jump on A not Zero 




2 


2 


JT1 addr 


Jump on T1 = 1 




2 


2 


JNT1 addr 


Jump on T1 = 




2 


2 


JTF addr 


Jump on timer flag 




2 


2 


Subroutine 










CALL addr 


Jump to subroutine 




2 


2 


RET 


Return 




1 


2 












Flags 


' — 








CLR C 


Clear Carry 




1 


1 


CPL C 


Complement Carry 




1 


1 


Data Moves 










MOV A.R 


Move register to A 




1 


1 


MOV A,@R 


Move data memorv to A 




1 


1 


MOV A.adata 


Move immediate to A 




2 


2 


MOV R, A 


Move A to register 




1 


1 


MOV @R,A 


Move A to data memorv 




1 


1 


MOV R.=data 


Move immediate to register 




2 


2 


MOV @R,=data 


Move immediate to data memory 


2 


2 


XCH A.R 


Exchange A and register 




1 


1 


XCH A.@R 


Exchange A and data memo 


V 


1 


2 


XCHD A,@R 








1 


MOVP A,@A 


Move to A from current pa 
















Timer/Counter 










MOV A.T 


Read Timer/Counter 




1 


1 


MOV T,A 


Load Timer/Counter 




1 


l 


STRT T 


Start Timer 




l 


1 


STRT CNT 


Start Counter 


1 


l 


STOP TCNT 


Stop Timer/Counter 


1 


1 


NOP 


No Operation 


1 


1 



Instruction Set — The following instructions, which are 
found in the 8748, have been deleted from the 8021 H 
instruction set. 



Oats Moves 


Registers 


Branch 


Timer 


Control 


Input/Output 


MOV A.PSW 


DEC R 


JTO addr 
JNTO addr 
JFO addr 


EN TCNTI 


EN I 


ANL P,*data 


MOV PSW.A 
MOVX A,@R 
MOVX £>R,A 


Flags 


DIS TCNTI 


DIS 1 
SEL RBO 
SEL RBI 
SEL MBO 
SEL MB1 
ENTO CLK 


OR L P.*data 
INS A.BUS » 
OUTL BUS.A » 
ANL BUS.edata 
ORL BUS.=»data 


CLR F0 


JF1 addr 


Subroutine 


MOVP3 A,@>A 


CPL F0 
CLR F1 
CPL F1 


JNI addr 
JBb addr 


RETR 



'These Instructions have been replaced in the 8021 H by 
IN A.PO and OUTL PO.A respectively. 



•Not included in 8020H. 
Mnemonics copyright Intel Corp. 1981. 



4-7 



AFN-02174A 



8022H INSTRUCTION SET SUMMARY 



Mnemonic 


Description 


Bytes 


Cycle 


Opcode 




Mnemonic 


Description 






Hexadecimal 


Accumulator 






















ADD A.R, 




Add register to A 


1 


1 


68-6F 




JT0 


Jump on T0= 1 


2 


2 


36 


ADD A,@ F 




Add data memory to A 


1 


1 


60-61 




JNT0 


Jump on T0=0 


— 2 — 


2 


26 


ADD A.ffdata 


Add immediate to A 


2 


2 


03 ki AQ-' 




JT 1 addr 


Jump on Tl = 1 


2 


2 


56 


ADDC A.R r 


Add register with carry 


1 


1 


78-7F 




JNT1 addr 


Jump on T1=0 


2 


2 


46 


ADDC A.@ R 


Add data memory with 




i ■■-1 


70-71 




JTF addr 


Jump on timer flag 


2 




16 






carry 




















ADDC A.ttdata 


Add immediate with 
carry 


? 


2 


13 




Subroutine 










ANL A,R r 
ANL A.@ R 
ANL A.#data 


And register to A 
And data memory to A 
And immediate to A 


j 
2 


j 


58-5F 
50-51 
53 




CALL addr 
RET 


Jump to subroutine 
Return 


1 
1 


2 
2 


14,34.54.74 
94.B4.D4.F4 

83 


ORL A,R r 
ORL A,@ F 




Or data memory to A 






48-4F 














1 


1 


y 


40-41 




Flags 












ORL A.tfdata 
XRL A.R r 


Or immediate to A 
Exclusive Or register 


2 
\ 




43 

D8-DF 




CLR C 
CPL C 




Clear carry 
Complement carry 


1 
1 


Ik 

i 


97 
A7 


XRL A,@ F 




Exclusive Or data 
memory to A 






D0-D1 




Data Moves 












XRL A.#data 






2 


D3 




MOV A,R r 




Move register to A 






F8-FF 






to A 










MOV A.@ R 




Move data memory to A 




1^ 


F0-F1 


INC A 




Increment A 






1 7 
07 




MOV A.adata 


Move A to register 




2 


23 

A8-AF 


DEC A 




Decrement A 








MUV H r .A 






1 


CLR A 




Clear A 


1 1 


[ 


27 




MOV @ R.A 




Move A to data memory 


j 


1 


A0-A1 


CPL A 




Complement A 






37 




MOV R r .#da 


a 


Move immediate to 




2 


B8-BF 


DA A 




Decimal adjust A 


1 


! 


57 








register 








SWAP A 




Swap nibbles of A 
Rotate A left 






47 




MOV@R.»dat 


a 


Move immediate to 




2 


BO-B1 


RL A 




1 


1 


E7 






data memory 






RLC A 




Rotate A left through 
carry 






F7 




XCH A, R r 




Exchange A and 
register 


• 


1 


28-2F 


RR A 




Rotale A right 


1 1 , 


. 


77 




XCH A.@ R 
XCHD a.@ R 




Exchange A and data 

memory 
Exchange nibble ol A 

and register 






20-21 
30 31 


RRC A 




Rotate A right through 
carry 


1 


i 


67 






i 


1 


Input Output 












MOVP A,@ A 




Move lo A from current 
page 


1 


2 


A3 


IN A, P. 




Input port to A 


i 


2 


08. 09. OA 














OUTL P„A 
MOVD A.Pp 


Output A to port 
Input expander port 
to A 


i 


2 
2 


90.39.3A 
0C OF 




Timer Counter 

MOV A.T 


Read iimer .< counter 


! 






42 


MOVO P p 


A 


Output A lo expander 


1 


2 


3C-3F 




MOV T,A 


Load timer ' counter 






62 






port 










STRT T 


Start timer 


! 




55 


ANLD Pp.A 


And A to expander port 




2 


9C-9F 




STRT CNT 


Start counter 






45 


ORLD Pp.A 


Or A to expander port 


i 


2 


8C-8F 




STOP TCNT 


Stop timer counter 


1 


1 


65 
























Registers 














A D Converts 


T 










INC R r 
INC@R 




Increment register 
Increment data memory 


i 




18- IF 
10-1 1 




RAD 




Move conversion result 
register to A 




2 


80 


















Select analog input 


< 


T™ 


85 


Branch 














zero 


















SEL AN 1 




Select analog input one 






95 


















1 


1 


JMP addr 




Jump unconditional 


2 


2 


04,24,44.64. 














JMPP @ A 
DJNZ R.addr 


Jump indirect 
Decrement register and 


1 

2 


2 


84.A4.C4.E4 
B3 

ES^EF 




Interrupts 

EN 1 


Enable external 
interrupt 


1 


1 


05 


JC addr 
JNC addr 
JZ addr 
JNZ addr 




jump on R not zero 
Jump on carry= 1 
Jump on carry = 
Jump on A zero 
Jump on A not zero 


2 
2 
2 
2 


2 
2 
2 


F6 
E6 




DIS 1 

EN TCNTI 


Disable external 

interrupt 
Enable timer counter 


t 


1 
1 


15 
25 




C6 
96 




DIS TCNTI 


interrupt 
Disabie timer counter 






35 
















interrupl 




















RET 1 


Return from interrupl 




2 


93 


Mnemonics copyright Intel Corporation 1982. 




























NOP 


No operation 




1 


00 



Instruction Set — The following instructions, which are 
found in the 8748. have been deleted from the 8022H 
instruction set. 



Data Movai 


Ragi iters 


Branch 




Control 


Input/Output 


MOV A.PSW 
MOV PSW.A 
MOVX A.tpR 
MOVX fci-R.A 
MOVP3 A,<PA 


DEC R 


JFO addr 




SEL RBO 
SEL RBI 
SEL MBO 
SEL MBl 
ENTO CLK 


ANL P.ndata 
ORL P.nfUia 
INS A.BUS » 
OUTL BUS.A • 
ANL BUS. "data 
ORL BUS.Jtdaia 


<■ 


JF i addr 
JM addr 
J8n addr 


Subroulint 


CLR FO 
CPL FO 
CLR Fl 
CPL Fl 


, R E TR 



"These Instructions have been replaced in the 8022H by 
IN A.PO and OUTL PO.A respectively. 
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MCS-48 Instruction Set 

SYMBOLS AND ABBREVIATIONS USED 



A Accumulator 

AC Auxiliary Carry 

addr 12-Bit Program Memory Address 

Bb Bit Designator (b = 0-7) 

BS Bank Switch 

BUS BUS Port 

C Carry 

CLK Clock 

CNT Event Counter 

Conversion Result Register 
Mnemonic for 4-Bit Digit (Nibble) 
8-Bit Number or Expression 
Memory Bank Flip-Flop 
Flag 0, Flag 1 
Interrupt 

Mnemonic for "in-page" Operation 
Program Counter 
Port Designator (p = 1, 2 or 4-7) 
Program Status Word 
Register Designator (r=0, 1 or 0-7) 
Stack Pointer 
Timer 
Timer Flag 
Test 0, Test 1 

Mnemonic for External RAM 
Immediate Data Prefix 
Indirect Address Prefix 
Current Value of Program Counter 
Contents of X 

Contents of Location Addressed by X 
Is Replaced by 

Mnemonics copyright Intel Corporation 1982. 



CRR 
D 

data 
DBF 
F0, F1 
I 

P 

PC 

Pp 

PSW 

Rr 

SP 
T 

TF 

TO, T1 

X 3 ^ 5 
# 
@ 
$ 

(X) 
((X)) 
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MCS-48 INSTRUCTION SET 



ADD A,R r Add Register Contents to Accumulator 



Encoding: 
Description: 



0110 1 rrr 



68H-6FH 

The contents of register V are added to the accumulator. Carry is 
affected. 



Operation: (AK-(A) + (Rr) 
Example: ADDREG: ADD A,R6 



r = 0-7 

;ADD REG 6 CONTENTS 
;TO ACC 



ADD A,@R r Add Data Memory Contents to Accumulator 







Encoding: 
Description: 

Operation: 
Example: 



1 1 000 r 



60H-61H 

The contents of the resident data memory location addressed by 
register V bits 0-5* are added to the accumulator. Carry is affected. 

(AHA) + ((Rr)) R = 0-1 

ADDM: MOV R0, #01 FH ;MOVE '1 F' HEX TO REG 

ADD A, @R0 ;ADD VALUE OF LOCATION 

;31 TO ACC 



ADD A,#data Add Immediate Data to Accumulator 



Encoding: 
Description: 

Operation: 
Example: 



0000 



00 11 



d7^6d5d4 d3 d2 di do 03H 



This is a 2-cycle instruction. The specified data is added to the 
accumulator. Carry is affected. 

(AH — (A) + data 

ADDID: ADD A,#ADDER: ;ADD VALUE OF SYMBOL 

;'ADDER' TO ACC 



ADDC A,R r Add Carry and Register Contents to Accumulator 



Encoding: |01 1 1| 1 rrr 



78H-7FH 

Description: The content of the carry bit is added to accumulator location and the 
carry bit cleared. The contents of register 'r' are then added to the 
accumulator. Carry is affected. 

Operation: (AH — (A) + (Rr) + (C) R = 0-7 

Example: ADDRGC: ADDC A,R4 ;ADD CARRY AND REG 4 

;CONTENTS TO ACC 
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MCS-48 INSTRUCTION SET 



ADDC A,@R r Add Carry and Data Memory Contents to Accumulator 

Encoding: |0 1 1 1 j 0~r~| 70H-71H 

Description: The content of the carry bit is added to accumulator location and the 
carry bit cleared. Then the contents of the resident data memory 
location addressed by register Y bits 0-5* are added to the 
accumulator. Carry is affected. 

(A)— (A) + ((Rr)) + (C) R = 0-1 



Operation: 
Example: 



ADDMC: MOV R1,#40 
ADDC A,@R1 



MOVE '40' DEC TO REG 1 

ADD CARRY AND LOCATION 40 

CONTENTS TO ACC 



ADDC AJdata Add Carry and Immediate Data to Accumulator 



Encoding: 
Description: 

Operation: 
Example: 



000 1 00 11 



d7d6d5d4 d3 d2 di do 



13H 



This is a 2-cycle instruction. The content of the carry bit is added to 
accumulator location and the carry bit cleared. Then the s 
data is added to the accumulator. Carry is affected. 

(A) (A) + data + (C) 



ADDC A,#225 



;ADD CARRY AND '225' DEC 
;TO ACC 



ANL A,R r Logical AND Accumulator with Register Mask 



Encoding: 10 1 



1 rrr 



58H-5FH 

Description: Data in the accumulator is logically ANDed with the mask contained in 
working register V. 



Operation: (A) (A) AND (Rr) 
Example: ANDREG: ANL A,R3 



R = 0-7 

;'AND' ACC CONTENTS WITH MASK 
;IN REG 3 



ANL A,@R r Logical AND Accumulator with Memory Mask 



Encoding: 
Description: 

Operation: 
Example: 



1 1 000 r 



50H-51H 

Data in the accumulator is logically ANDed with the mask contained in 
the data memory location referenced by register V bits 0-5*. 

(A) (A) AND ((Rr)) r = 0-1 



ANDDM: MOV R0,#03FH 
ANL A, @R0 



MOVE '3F' HEX TO REG 
'AND' ACC CONTENTS WITH 
MASK IN LOCATION 63 
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MCS-48 INSTRUCTION SET 



ANL A,#data Logical AND Accumulator with Immediate Mask 



Encoding: 
Description: 

Operation: 
Examples: 





10 1 


00 11 



d7 d6 d5 d4 d3 d2 di do 



53H 



This is a 2-cycle instruction. Data in the accumulator is logically 
ANDed with an immediately-specified mask. 

(A)-. — (A) AND data 

AND' ACC CONTENTS 
WITH MASK 10101111 
'AND' ACC CONTENTS 
WITH VALUE OF EXP 

'3 + X/Y' 



ANDID: ANL A,#0AFH 
ANL A,#3 + X/Y 



ANL BUS,#data Logical AND BUS with Immediate Mask 

(Not in 8021 H, 8022H) 




100 1 



1000 



d7 d6 d5 d4 d3 d2 di do 



98H 



This is a 2-cycle instruction. Data on the BUS port is logically ANDed 
with an immediately-specified mask. This instruction assumes prior 
specification of an 'OUTL BUS, A' instruction. 

(BUS)- 

'AND' BUS CONTENTS 
WITH MASK EQUAL VALUE 
OF SYMBOL 'MASK' 



Operation: (BUS)-«— (BUS) AND data 
Example: ANDBUS: ANL BUS,#MASK 



ANL Pp,#data Logical AND Port 1-2 with Immediate Mask 



(Not in 8021 H, 8022H) 



Encoding: 
Description: 

Operation: 
Example: 



100 1 10pp d7d6d5d4 d3d2dido 99H-9AH 



This, is a 2-cycle instruction. Data on port 'p' is logically ANDed with an 
immediately-specified mask. 

p = 1-2 

;'AND' PORT 2 CONTENTS 
;WITH MASK 'F0' HEX 
;(CLEAR P20-23) 



(Pp)-«— (Pp) AND data 
ANDP2: ANL P2,#0F0H 
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MCS-48 INSTRUCTION SET 



ANLD Pp,A Logical AND Port 4-7 with Accumulator Mask 



Encoding: 
Description: 

Operation: 



100 1 1 1 1 p p 9CH-9FH 



This is a 2-cycle instruction. Data on port 'p' is logically ANDed with 
the digit mask contained in accumulator bits 0-3. 

(Pp)-«— (Pp) AND (AO-3) p = 4-7 

Note: The mapping of port 'p' to opcode bits 0-1 is as follows: 
1 Port 



00 

1 

1 
1 1 



4 
5 
6 
7 



Example: 



ANDP4: ANLD P4,A 



;'AND' PORT 4 CONTENTS 
;WITH ACC BITS 0-3 



CALL address Subroutine Call 



Encoding: |aip ag as 1 [ 1 



Page 




1 
2 
3 
4 
5 
6 
7 



j a7 ae as a4 I a3 a2 ai ap 
Hex Op Code 

14 

34 

54 

74 

94 

B4 

D4 

F4 



Description: 



This is a 2-cycle instruction. The program counter and PSW bits 4-7 are 
saved in the stack. The stack pointer (PSW bits 0-2) is updated. 
Program control is then passed to the location specified by 'address'. 
PC bit 11 is determined by the most recent SEL MB instruction. 
A CALL cannot begin in locations 2046-2047 or 4094-4095. Execution 
continues at the instruction following the CALL upon return from the 
subroutine. 

Operation: ((SP))-«— (PC), (PSW 4-7) 
(SP)- — (SP) + 1 
(PC8-10)— (addrs-10) 
(PCo-7)-«— addro-7 
(PC-mH DBF 



4-13 



AFN-02174A 



MCS-48 INSTRUCTION SET 



Example: Add three groups of two numbers. Put subtotals in locations 50, 51 and 



total in location 52. 

MOV R0,#50 

BEGADD: MOV A,R1 

ADD A,R2 
CALL SUBTOT 
ADDC A R3 
ADDC A,R4 
CALL SUBTOT 
ADDC A,R5 
ADDC A,R6 
CALL SUBTOT 
SUBTOT: MOV @R0,A 



INC R0 
RET 



MOVE '50' DEC TO ADDRESS 
REG 

MOVE CONTENTS OF REG 1 
TO ACC 

ADD REG 2 TO ACC 

CALL SUBROUTINE 'SUBTOT 

ADD REG 3 TO ACC 

ADD REG 4 TO ACC 

CALL SUBROUTINE 'SUBTOT' 

ADD REG 5 TO ACC 

ADD REG 6 TO ACC 

CALL SUBROUTINE 'SUBTOT' 

MOVE CONTENTS OF ACC TO 

LOCATION ADDRESSED BY 

REG 

INCREMENT REG 
RETURN TO MAIN PROGRAM 



CLR A Clear Accumulator 



Encoding: 



0010 0111 



27 H 



Description: The contents of the accumulator are cleared to zero. 
Operation: A-« — 



CLR C Clear Carry Bit 



Encoding: 
Description: 

Operation: 



100 1 0111 



97 H 



During normal program execution, the carry bit can be set to one by 
the ADD, ADDC, RLC, CPL C, RRC, and DAA instructions. This 
instruction resets the carry bit to zero. 

~- _ 



CLR F1 Clear Flag 1 

(Not in 8021 H, 8022H) 



Encoding: 
Description: 
Operation: 



1 1 |0 1 1 | A5H 
Flag 1 is cleared to zero. 
(F1)*-0 
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MCS-48 INSTRUCTION SET 



CLR FO Clear Flag 

(Not in 8021 H, 8022H) 



Encoding: |1 000| 01 01| 85H 



Description: Flag is cleared to zero. 
Operation: (F0)-«— 

CPL A Complement Accumulator 



Encoding: 00 1 1 | 1 1 1 



37 H 



Description: The contents of the accumulator are complemented. This is strictly a 
one's complement. Each one is changed to zero and vice-versa. 

Operation: (AH — NOT (A) 

Example: Assume accumulator contains 01101010. 

CPLA: CPL A ;ACC CONTENTS ARE COMPLE- 

MENTED TO 10010101 

CPL C Complement Carry Bit 



Encoding: [ 1 1 | 1 1~ 



A7H 



Description: The setting of the carry bit is complemented; one is changed to zero, 
and zero is changed to one. 

Operation: (C)— NOT (C) 

Example: Set C to one; current setting is unknown. 



CT01: CLR C 
CPL C 



CPL F0 Complement Flag 

(Not in 8021 H, 8022H) 



;C IS CLEARED TO 
;C IS SET TO ONE 



Encoding: 10 1 10 1 



95 H 



Description: The setting of flag is complemented; one is changed to zero, and 
zero is changed to one. 

Operation: F0-«— NOT (F0) 



CPL F1 Complement Flag 1 

(Not in 8021 H, 8022H) 



Encoding: |1 1 1 | 1 1 



B5H 



Description: The setting of flag 1 is complemented; one is changed to zero, and 
zero is changed to one. 

Operation: (F1)-«— NOT (F1) 
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MCS-48 INSTRUCTION SET 



DA A Decimal Adjust Accumulator 



Encoding: 
Description: 



01 01 |01 1 1| 57H 

The 8-bit accumulator value is adjusted to form two 4-bit Binary Coded 
Decimal (BCD) digits following the binary addition of BCD numbers. 
The carry bit C is affected. If the contents of bits 0-3 are greater than 
nine, or if AC is one, the accumulator is incremented by six. 

The four high-order bits are then checked. If bits 4-7 exceed nine, or if 
C is one, these bits are increased by six. If an overflow occurs, C is set 
to one. 

Example: Assume accumulator contains 10011011. 

DA A ;ACC Adjusted to 00000001 

;WITH C SET 



C AC 7 4 3 
10011011 
0000 110 

1 10 10 0001 

110 

1 0000 0001 

DEC A Decrement Accumulator 



ADD SIX TO BITS 0-7 

ADD SIX TO BITS 4-7 
OVERFLOW TO C 



Encoding: 0000 1 1 1 07H 



Description: The contents of the accumulator are decremented by one. The carry 
flag is not affected. 

Operation: (A)-« — (A)-1 

Example: Decrement contents of external data memory location 63. 



MOV R0,#3FH 
MOVX A, @R0 



DEC A 



MOVE '3F' HEX TO REG 

MOVE CONTENTS OF LOCATION 63 

TO ACC 

DECREMENT ACC 



MOVX@R0,A ;MOVE CONTENTS OF ACC TO 

;LOCATION 63 IN EXPANDED 



MEMORY 



(0 



DEC Rr Decrement Register 

(Not in 8021 H, 8022H) 



Encoding: 110 



1 r r r 



C8H-CFH 

Description: The contents of working register 'r' are decremented by one. 
Operation: (RrH — (Rr)-1 R = 0-7 

Example: DECR1: DEC R1 ;DECREMENT CONTENTS OF REG 1 
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DIS I Disable External Interrupt 

(Not in 8021 H) 



Encoding: [0001 1 01 15H 



Description: External interrupts are disabled. A low signal on the interrupt input pin 
has no effect. 

DIS TCNTI Disable Timer/Counter Interrupt 

(Not in 8021 H) 





Encoding: 0011 10 1 



35H 







Description: Timer/counter interrupts are disabled. Any pending timer interrupt 
request is cleared. The interrupt sequence is not initiated by an 
overflow, but the timer flag is set and time accumulation continues. 

DJNZ R r , address Decrement Register and Test 



Encoding: 
Description: 



1110 1 rrr 



37 a6 as a4 a3 a2 at arj 





E8H-EFH 







This is a 2-cycle instruction. Register Y is decremented, then tested 
for zero. If the register contains all zeros, program control falls through 
to the next instruction. If the register contents are not zero, control 
jumps to the specified 'address'. 

The address in this case must evaluate to 8-bits, that is, the jump must 
be to a location within the current 256-location page. 

Operation: (Rr)-« — (Rr)-1 r = 0-7 

If Rr not 
(PCo-7)-« — addr 



Note: A 12-bit address specification does not cause an error if the 
DJNZ instruction and the jump target are on the same page. If the 
DJNZ instruction begins in location 255 of a page, it must jump to a 
target address on the following page. 



Example: Increment values in data memory locations 50-54. 



MOV R0,#50 
MOV R3,#5 
INCRT: INC @R0 



INC R0 
DJNZ R3, 

NEXT - 



INCRT 



MOVE '50' DEC TO ADDRESS 
;REG 

;MOVE '5' DEC TO COUNTER 
;REG 3 

INCREMENT CONTENTS OF 
;LOCATION ADDRESSED BY 
;REG 

INCREMENT ADDRESS IN REG 
;DECREMENT REG 3 — JUMP TO 
;'INCRT' IF REG 3 NONZERO 
;'NEXT ROUTINE EXECUTED 
;IF R3 IS ZERO 
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EN I Enable External Interrupt 



■ 





0000 


0101 



Encod 



mg: 



05H 



Description: External interrupts are enabled. A low signal on the interrupt input pin 
initiates the interrupt sequence. 

EN TCNTI Enable Timer/Counter Interrupt 

(Not in 8021 H) 



Encoding: 1 1 1 



25H 



Description: Timer/counter interrupts are enabled. An overflow of the timer/counter 
initiates the interrupt sequence. 



ENT0 CLK Enable Clock Out 

(Not in 8021 H, 802 



! 



Encoding: |0 1 1 1 | 1 1| 75H 



Description: The test pin is enabled to act as the clock output. This function is 
disabled by a system reset. 

Example: EMTST0: ENT0 CLK ;ENABLE TO AS CLOCK OUTPUT 



IN A,Pp Input Port or Data to Accumulator 



■■_ 



Encoding: 
Description: 

Operation: 
Example: 



0000 1 1 p p[ 09H-0AH 

This is a 2-cycle instruction. Data present on port 'p' is transferred 
(read) to the accumulator. In the 8021 IN A,P2 inputs P20-P23 to A0-A3 
while A4-A7 is set to zero. 

P = 1-2 

;INPUT PORT 1 CONTENTS TO ACC 
;MOVE ACC CONTENTS TO REG 6 
;INPUT PORT 2 CONTENTS TO ACC 
;MOVE ACC CONTENTS TO REG 7 



(A)^(Pp) 

INP12: IN A,P1 

MOV R6,A 
IN A,P2 
MOV R7,A 



INC A Increment Accumulator 







Encoding: 
Description: 



0001 0111 



17H 



The contents of the accumulator are incremented by one. Carry is not 
affected. 



Operation: (A)-« — (A) + 1 
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Example: Increment contents of location 100 in external data memory. 



INCA: MOV R0,#100 


MOVE '100' DEC TO ADDRESS REG 


MOVX A,@R0 
INC A 

MOVX @R0,A 
INC R r Increment Register 


MOVE CONTENTS OF LOCATION 

100 TO ACC 

INCREMENT A 

MOVE ACC CONTENTS TO 

LOCATION 101 


Encoding: 


0001 


1 r r r 


18H-1FH 



Description: 
Operation: 
Example: 



The contents of working register Y are incremented by one. 
(Rr)-*— (Rr) +1 R = 0-7 



INCR0: INC R0 



INCREMENT CONTENTS OF RE_ 



INC (a R r Increment Data 



Location 



Encoding: 
Description: 

Operation: 
Example: 



0001 OOOr 



10H-11H 

The contents of the resident data memory location addressed by 
register 'r' bits 0-5* are incremented by one. 

((Rr))-*— ((Rr)) + 1 r = 0-1 

INCDM: MOV R1,#03FH ;MOVE ONES TO REG 1 

INC@R1 INCREMENT LOCATION 63 



IN A,P0 Input of Port Data to Accumulator 

(8021 H, 8022H Only) 



Same as INS A, BUS except no RD pulse generated. 80H 
INS A.BUS Strobed Input of BUS Data to Accumulator 

— '■' ■ 







Encoding: 
Description: 

Operation: 
Example: 



0000 1000 



08 H 



This is a 2-cycle instruction. Data present on the_BUS port is 
transferred (read) to the accumulator when the RD pulse is dropped. 
(Refer to section on programming memory expansion for details). 

(A)— -(BUS) 

INPBUS: INS A,BIIS ;INPUT BUS CONTENTS TO ACC 
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JBb address Jump If Accumulator Bit is Set 

(Not in 8021 H, 8022H) 



Encoding: b2 bi bo 1 10 



a7 a6 as a4 a3 a2 ai ao 



Accumulator Bit 





1 

2 

3 
4 



aoo vc' lajnerne^crij m 



Hex Op Code 



12 
32 
52 
72 
92 
B2 
D2 



F2 



JC address Jump If Carry Is Set 



-pecified address 

b = 0-7 
If Bb = 1 
If Bb = 

;JUMP TO 'NEXT' ROUTINE 
;IF ACC BIT 4 = 1 



Description: This is a 2-cycle instruction. Control passes to the specified address if 
accumulator bit 'b' is set to one. 

Operation: 

(PC0-7H — addr 
(PC) = (PC) + 2 

Example: JB4IS1: JB4 NEXT 



Encoding: 
Description: 



1111 


110 




a7 a6 as a4 


a3 a2 ai ao 



F6H 



Operation: 
Example: 

JF0 address 





This is a 2-cycle instruction. Control passes to the specified address if 
the carry bit is set to one. 

If C = 1 
If C = 



(PC0-7H — addr 
(PC) = (PC) + 2 

JC1:JCOVFLOW 



;JUMP TO 'OVFLOW ROUTINE 
;IFC=1 



Jump If Flag Is Set 

(Not in 8021 H, 8022H) 



Encoding: 
Description: 

Operation: 

Example: 



10 11 



0110 



a7 a6 as a4 



a3 a2 ai ao 



B6H 



This is a 2-cycle instruction. Control passes to the specified address if 
flag is set to one. 

(PCo-7) — addr If F0 = 1 

(PC) = (PC) + 2 If F0 = 

JF0IS1: JF0 TOTAL ;JUMP TO 'TOTAL' ROUTINE IF F0= 1 
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JF1 address 



Jump If Flag 1 Is Set 

(Not in 8021 H, 8022H) 



Encoding: 
Description: 

Operation: 



nple- 



0111 


110 




a7 a6 as a4 


a3 a2 ai ao 



This is a 2-cycle instruction. Control passes to the specified address if 



flag 1 is set to one. 

(PCo-7)— addr 
(PC) = (PC + 2) 

JF1IS1: JF1 FILBUF 



If F1 = 1 
If F1 =0 



;JUMP TO 'FILBUF' 
;ROUTINE IF F1 = 1 



■ 



■ 



JMP address Direct Jump within 2K Block 



Encoding: airjagasO 100 



Description: 
Operation: 



Page 




1 

2 
3 
4 
5 



a7 a6 a5 a4 a3 a2 ai ao 



Hex Op Code 



04 
24 
44 
64 
84 



A4 
C4 
E4 

This is a 2-cycle instruction. Bits 0-10 of the program counter are 
replaced with the directly-specified address. The setting of PC bit 11 is 
determined by the most recent SELECT MB instruction. 

(PC8-10W— addr 8-10 
(PCo-7)-*- addr 0-7 
(PCn)-«— DBF 



Example: JMPSUBTOT 
JMP $-6 



JMP2FH 

JMPP @A Indirect Jump within Page 



JUMP TO SUBROUTINE 'SUBTOT' 
JUMP TO INSTRUCTION SIX 
LOCATIONS BEFORE CURRENT 
LOCATION 

;JUMP TO ADDRESS '2F' HEX 



Encoding: |1 1 1 | 1 1 



B3H 



Description: This is a 2-cycle instruction. The contents of the program memory 
location pointed to by the accumulator are substituted for the 'pag 
portion of the program counter (PC bits 0-7). 
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Operation: 
Example: 

JNC address 



(PC -7)->— ((A)) 

Assume accumulator contains OFH. 

JMPPAG: JMPP @A ;JUMP TO ADDRESS STORED IN 

;LOCATION 15 IN CURRENT PAGE 

Jump If Carry Is Not Set 



Encoding: 
Description: 

Operation: 

Example: 

JNI address 

Encoding: 
Description: 



1110 110 



a7 a6 as a4 a3 &2 ai ao 



E6H 



This is a 2-cycle instruction. Control passes to the specified address if 
the carry bit is not set, that is, equals zero. 

(PCo-7)-«— addr If C = 

(PC) = (PC) + 2 If C = 1 

JCO: JNC NOVFLO ;JUMP TO 'NOVFLO' ROUTINE 

;IFC = 

Jump If Interrupt Input is Low 

(Not in 8021 H, 8022H) 



1000 


110 




a7 a6 as a4 


a3 a2 ai ao 



86 H 



This is a 2-cycle instruction. Control passes to the specified address if 
the interrupt input signal is low ( = 0), that is, an external interrupt has 
been signaled. (This signal initiates an interrupt service sequence if the 
external interrupt is enabled.) 



Operation: 
Example: 

JNT0 address 



(PCrj-7)-« — addr 
(PC) = (PC) + 2 

LOC 3: JNI EXTINT 



Jump If Test Is Low 

(Not in 8021 H) 



If I = 
If I = 1 

;JUMPTO 'EXTINT' ROUTINE 
;IF I = 



Encoding: 
Description: 



00 10 


110 




a7 a6 as a4 


a3 a2 ai ao 



26 H 




This is a 2-cycle instruction. Control passes to the specified address, if 
the test signal is low. 

(PC0-7H — addr If TO = 

(PC) = (PC) + 2 If TO = 1 

JT0LOW: JNT0 60 ;JUMP TO LOCATION 60 DEC 

;IFT0 = 
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JNT1 address Jump If Test 1 Is Low 



Encoding: 
Description: 



100 



110 



a7 a6 as a4 



a3 a2 ai ao 



46H 



This is a 2-cycle instruction. Control passes to the specified address, if 
the test 1 signal is low. 
Operation: (PCr>7)-« — addr If T1 = 

(PC) = (PC) + 2 If T1 = 1 

I 

JNZ address Jump If Accumulator Is Not Zero 



Encoding: 
Description: 



Operation: 



Example: 



1001 0110 



a7 a6 as a4 a3 a2 ai ao 



96 H 



This is a 2-cycle instruction. Control passes to the specified address if 
the accumulator contents are nonzero at the time this instruction is 
executed. 

(PCn-7)^addr IfA^O 
(PC) = (PC) + 2 If A = 

JACCN0: JNZ 0ABH ;JUMP TO LOCATION 'AB' HEX 

;IF ACC VALUE IS NONZERO 



JTF address Jump If Timer Flag Is Set 



Encoding: 
Description: 

Operation: 
Example: 

JT0 address 



000 1 



110 



a7 a6 as a4 



a3 a2 ai ao 



16H 



This is a 2-cycle instruction. Control passes to the specified address if 
the timer flag is set to one, that is, the timer/counter register has 
overflowed. Testing the timer flag resets it to zero. (This overflow 
initiates an interrupt service sequence if the timer-overflow interrupt is 
enabled.) 

If TF = 1 
If TF = 

;JUMP TO 'TIMER' ROUTINE 
;IFTF= 1 



(PCo-7)-« — addr 
(PC) = (PC) + 2 

JTF1: JTF TIMER 



Jump If Test Is High 

(Not in 8021 H) 







Encoding: 
Description: 

Operation: 
Example: 



001 1 



110 



a7 a6 as a4 a3 a2 ai ao 



36H 



This is a 2-cycle instruction. Control passes to the specified address if 
the test signal is high ( = 1). 
(PCo-7)-*— addr If TO = 1 

(PC) = (PC) + 2 If TO = 

JT0HI: JT0 53 ;JUMP TO LOCATION 53 DEC 

;IFT0= 1 
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JT1 address Jump If Test 1 Is High 



Encoding: 
Description: 



10 1 


110 




a7 a6 as a4 


a3 a2 a-\ ao 



56 H 



This is a 2-cycle instruction. Control passes to the specified address if 
the test 1 signal is high ( = 1). 
Operation: (PC0-7H — addr If T1 = 1 

(PC) = (PC) + 2 If T1 = 

Example: JT1HI: JT1 COUNT ;JUMP TO 'COUNT' ROUTINE 

;IFT1 = 1 



JZ address Jump If Accumulator Is Zero 



Encoding: 



1100 



110 



a7 a6 as a4 



a3 a2 ai ao 



C6H 



Description: This is a 2-cycle instruction. Control passes to the specified address if 
the accumulator contains all zeros at the time this instruction is 

executed. 

Operation: (PCrj-7)-«— addr If A = 

(PC) = (PC) + 2 If A * 1 

Example: JACCO: JZ 0A3H ;JUMP TO LOCATION 'A3' HEX 

;IFACC VALUE IS ZERO 



MOV A,#data Move Immediate Data to Accumulator 


Encoding: 10 


00 11 




d7 d6 d5 d4 


d3 d2 di do 


23H 



Description: 

Operation: 
Example: 



This is a 2-cycle instruction. The 8-bit value specified by 'data' is 
loaded in the accumulator. 

(AH— data 



MOV A,#0A3H 



MOV A,PSW Move PSW Contents to Accumulator 

(Not in 8021 H, 8022H) 



;MOVE 'A3' HEX TO ACC 



Encoding: 
Description: 

Operation: 
Example: 



1100 0111 



C7H 

The contents of the program status word are moved to the 
accumulator. 

(A)^(PSW) 

Jump to 'RB1SET' routine if PSW bank switch, bit 4, is set. 
BSCHK: MOV A,PSW ;MOVE PSW CONTENTS TO ACC 

JB4 RB1SET ;JUMP TO 'RB1SET' IF ACC BIT 4 = 1 
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MOV A,R r Move Register Contents to Accumulator 



Encoding: |11 1 1 | 1 rrr| F8H-FFH 

Description: 8-bits of data are moved from working register 'r' into the accumulator. 

Operation: (AH — (Rr) r = 0-7 

Example: MAR: MOV A,R3 ;MOVE CONTENTS OF REG 3 TO ACC 

MOV A,@R r Move Data Memory Contents to Accumulator 



Encoding: |1 1 1 1 ] 000 r| F0H-F1H 



Description: The contents of the resident data memory location addressed by bits 
0-5* of register V are moved to the accumulator. Register 'r' contents 
are unaffected. 

Operation: (AH — ((Rr)) r = 0-1 

Example: Assume R1 contains 00110110. 

MADM: MOV A,@R1 ;MOVE CONTENTS OF DATA MEM 

;LOCATION 54 TO ACC 

MOV A,T Move Timer/Coun ter Contents to Accumulator 

-> 



Encoding: 10 



00 10 



42I- 

Description: The contents of the timer/event-counter register are moved to the 
accumulator. 

Operation: (AH— (T) 
Example: Jump to "EXIT" routine when timer reaches '64', that is, when bit 6 set 
— assuming initialization 64, 

TIMCHK: MOV A,T ;MOVE TIMER CONTENTS TO ACC 

JB6 EXIT ;JUMP TO 'EXIT IF ACC BIT 6 = 1 

MOV PSW,A Move Accumulator Contents to PSW 

(Not in 8021 H, 8022H) 



Encoding: ]l 1 1 | 1 1 l[ D7H 

Description: The contents of the accumulator are moved into the program status 
word. All condition bits and the stack pointer are affected by this 
move. 

Operation: (PSWH — (A) 

Example: Move up stack pointer by two memory locations, that is, increment the 
pointer by one. 

INCPTR: MOV A,PSW ;MOVE PSW CONTENTS TO ACC 

INC A INCREMENT ACC BY ONE 

MOV PSW,A ;MOVE ACC CONTENTS TO PSW 
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MOV R r ,A Move Accumulator Contents to Register 



Encoding: |1 01 0| 1 rrr| A8H-AFH 



Description: The contents of the accumulator are moved to register 'r'. 
Operation: (RrH — (A) r = 0-7 

Example: MR A: MOV R0,A ;MOVE CONTENTS OF ACC TO REG 

MOV R r ,#data Move Immediate Data to Register 



Encoding: 
Description: 

Operation: 
Examples: 



1011 



1r2nro d7d6d5d4 d3d2dido B8H-BFH 



This is a 2-cycle instruction. The 8-bit value specified by 'data' is 
moved to register 'r'. 



(Rr)- 



-data 



MIR4: MOV R4,#HEXTEN 
MIR 5: MOV R5,#PI*(R*R) 
MIR 6: MOV R6, #0ADH 



r = 0-7 

;THE VALUE OF THE SYMBOL 'HEXTEN' 
;IS MOVED INTO REG 4 
;THE VALUE OF THE EXPRESSION 
;'PI*(R*R) IS MOVED INTO REG 5 
;'AD' HEX IS MOVED INTO REG 6 



MOV @R r ,A Move Accumulator Contents to Data Memory 



Encoding: 
Description: 

Operation: 
Example: 



1 1 00 Or A0H-A1H 



The contents of the accumulator are moved to the resident data 
memory location whose address is specified by bits 0-5* of register V 
Register 'f contents are unaffected. 
((Rr)W— (A) r = 0-1 

Assume R0 contains 00000111. 

MDMA: MOV @R0,A ;MOVE CONTENTS OF ACC TO 

;LOCATION 7 (REG 7) 



MOV @R r ,#data Move Immediate Data to Data Memory 



Encoding: 
Description: 



1 01 1 000 r d7d6d5d4 d3d2d-|do B0H-B1H 



This is a 2-cycle instruction. The 8-bit value specified by 'data' is 
moved to the resident data memory location addressed by register 'r', 
bits 0-5*. 

Operation: ((Rr)H — data r = 0-1 

Examples: Move the hexadecimal value AC3F to locations 62-63. 

MIDM: MOV R0,#62 ;MOVE '62' DEC TO ADDR REG 

MOV @R0,#0ACH ;MOVE 'AC HEX TO LOCATION 62 
INC R0 ;INCREMENT REG TO '63' 

MOV @R0,#3FH ;MOVE '3F' HEX TO LOCATION 63 
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MOV T,A Move Accumulator Contents to Timer/Counter 



Encoding: 
Description: 

Operation: 
Example: 



0110 



0010 



62 H 

The contents of the accumulator are moved to the timer/event-counter 
register. 

CO— (A) 

Initialize and start event counter. 
INITEC: CLR A ;CLEAR ACC TO ZEROS 

MOV T,A ;MOVE ZEROS TO EVENT COUNTER 

STRT CNT ; START COUNTER 



MOVD A.Pp Move Port 4-7 Data to Accumulator 



Encoding: 
Description: 

Operation: 



0000 



1 1 pp 



0CH-0FH 



This is a 2-cycle instruction. Data on 8243 port 'p' is moved (read) to 
accumulator bits 0-3. Accumulator bits 4-7 are zeroed. 



(Pp) 



p = 4-7 



(0-3)- 
(4-7)^-0 

Note: Bits 0-7 of the opcode are used to represent ports 4-7. If you are 
coding in binary rather than assembly language, the mapping is as 



s: 



Bits 1 
00 

1 

1 
1 1 

Example: INPPT5: MOVD A,P5 



Port 



4 

5 
6 
7 

;MOVE PORT 5 DATA TO ACC 
;BITS 0-3, ZERO ACC BITS 4-7 



■ 



MOVD Pp,A Move Accumulator Data to Port 4-7 







Encoding: 
Description: 



Operation: 
Example: 



00 11 



1 1 PP 



3CH-3FH 

This is a 2-cycle instruction. Data in accumulator bits 0-3 is moved 
(written) to 8243 port 'p'. Accumulator bits 4-7 are unaffected. (See 
NOTE above regarding port mapping.) 

(PpN— (A -3) P = 4-7 

Move data in accumulator to ports 4 and 5. 

OUTP45: MOVD P4,A ;MOVE ACC BITS 0-3 TO PORT 4 

SWAP A ; EXCHANGE ACC BITS 0-3 AND 4-7 

MOVD P5,A ;MOVE ACC BITS 0-3 TO PORT 5 
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MOVP A, (& A Move Current Page Data to Accumulator 



Encoding: 



10 10 



00 11 



A3H 



Description: The contents of the program memory location addressed by the 
accumulator are moved to the accumulator. Only bits 0-7 of the 
program counter are affected, limiting the program memory reference 
to the current page. The program counter is restored following this 
operation. 

Operation: (PCrj-7)-* — (A) 

(A)*— ("(PC}) 

Note: This is a 1-byte, 2-cycle instruction. If it appears in location 255 
of a program memory page, @A addresses a location in the following 
page. 

;MOVE '128' DEC TO ACC 
;CONTENTS OF 129th LOCATION IN 
;CURRENT PAGE ARE MOVED TO ACC 

MOVP3 A,@A Move Page 3 Data to Accumulator 

(Not in 8021 H, 8022H) 



Example: MOV128: MOV A,#128 
MOVP A,@A 



Encoding: 
Description: 



1110 



00 11 



E3H 



This is a 2-cycle instruction. The contents of the program memory 
location (within page 3) addressed by the accumulator are moved to 
the accumulator. The program counter is restored following this 
operation. 



Operation: (PCrj-7) 



(PC 8 -11)^- 
(A)^((PQ) 



(A) 

-0011 



Example: 



Look up ASCII equivalent of hexadecimal code in table contained at 



MOVP3 A. 



the beginning of page 3. Note that ASCII characters are designated by 
a 7-bit code; the eighth bit is always reset. 

TABSCH: MOV A,#0B8H ;MOVE 'B8' HEX TO ACC (101 1 1000) 
ANL A,#7FH ;LOGICAL AND ACC TO MASK BIT 

;7 (00111000) 

;MOVE CONTENTS OF LOCATION '38' 
;HEX IN PAGE 3 TO ACC (ASCII '8') 
Access contents of location in page 3 labelled TAB1. 
Assume current program location is not in page 3. 
TABSCH: MOV A,#LOW TAB 1 ;ISOLATE BITS 0-7 OF LABEL 

;ADDRESS VALUE 
MOVP3 A,@A ;MOVE CONTENTS OF PAGE 3 

;LOCATION LABELED 'TAB1' TO ACC 
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MOVX A,@R r Move External-Data-Memory Contents to Accumulator 

(Not in 8021 H, 8022H) 







i 







Encoding: |1 000 |000r | 80H-81H 



Description: 

Operation: 
Example: 



This is a 2-cycle instruction. The contents of the external data memory 
location addressed by register Y are moved to the accumulator. 
Register 'r' contents are unaffected. A read pulse is generated. 

(A)-«— <(Rr)) r = 0-1 

Assume R1 contains 01110110. 

MAXDM: MOVX A,@R1 ;MOVE CONTENTS OF LOCATION 

;118 TO ACC 



MOVX @R r ,A Move Accumulator Contents to External Data Memory 

(Not in 8021 H, 8022H) 



■ 



Encoding: 1 01 r 



90H-91H 



Description: This is a 2-cycle instruction. The contents of the accumulator are 



Operation: 
Example: 



moved to the external data memory location addressed by register f. 
Register V contents are unaffected. A write pulse is generated. 

((Rr))-— A r = 0-1 



Assume R0 contains 11000111. 
MXDMA: MOVX @R0,A ;MOVE CONTENTS OF ACC TO 

;LOCATION 199 IN EXPANDED 
;DATA MEMORY 

NOP The NOP Instruction 



0000 



0000 



Encoding 
Description: No operation 



instructio 




00H 



rformed. Execution continues with the following 









= 


Encoding: 


10 


1 r r r 


48H-4FH 



Description: Data in the accumulator is logically ORed with the mask contained in 
working register V. 

Operation: (AH — (A) OR (Rr) r = 0-7 

Example: ORREG: ORL A,R4 



;M° A R sSr TSW,TH 
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ORL A,@R r Logical OR Accumulator With Memory Mask 



0100 



OOOr 



40H-41H 



Encoding: 

Description: Data in the accumulator is logically ORed with the mask contained in 
the resident data memory location referenced by register V, bits 0-5*. 

(A)— (A) OR ((Rr)) r = 0-1 

;MOVE '3F' HEX TO REG 



Operation: 

Example: ORDM: MOV R0,#3FH 
ORL A,@R0 



'OR' ACC CONTENTS WITH MASK 
IN LOCATION 63 



ORL A,#data Logical OR Accumulator With Immediate Mask 



Encoding: 
Description: 

Operation: 



0100 


00 11 




d7 d6 d5 d4 


d3 d2di do 



43 H 



This is a 2-cycle instruction. Data in the accumulator is logically ORed 



with an immediately-specified mask. 
(A)-. — (A) OR data 



Example: ORID: ORL A,#'X' ;'OR' ACC CONTENTS WITH MA: 

;01011000 (ASCII VALUE OF 'X') 



ASK 



ORL BUS,#data Logical OR BUS With Immediate Mask 

(Not in 8021 H, 8022H) 



Encoding: 
Description: 

Operation: 
Example: 



1000 


1000 




d7 d6 d5 d4 


d3 d2 di do 



88 H 



This is a 2-cycle instruction. Data on the BUS port is logically ORed 
with an immediately-specified mask. This instruction assumes prior 
specification of an 'OUTL BUS,A' instruction. 

(BUS)-« — (BUS) OR data 

ORBUS: ORL BUS,#HEXMSK ;'OR' BUS CONTENTS WITH MASK 

;EQUAL VALUE OF SYMBOL 'HEXMSK' 



ORL Pp, #data Logical OR Port 1 or 2 With Immediate Mask 

(Not in 8021 H, 8022H) 



Encoding: 



1000 



10pp d7d6d5d4 d3d2d-|do 89H-8AH 



Description: This is a 2-cycle instruction. Data on port 'p' is logically ORed with an 
immediately-specified mask. 

Operation: (Pp)-« — (Pp) OR data p = 1-2 

Example: ORP1: ORL P1, #0FFH ;'OR' PORT 1 CONTENTS WITH MASK 

;'FF' HEX (SET PORT 1 TO ALL ONES) 
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ORLD Pp,A Logical OR Port 4-7 With Accumulator Mask 



Encoding: 



1000 



1 1 p p 



8CH-8FH 

Description: This is a 2-cycle instruction. Data on port 'p' is logically ORed with the 
digit mask contained in accumulator bits 0-3. 

Operation: (PpH — (Pp) OR (Ao-3) p = 4-7 

Example: ORP7: ORLD P7,A ;'OR' PORT 7 CONTENTS WITH ACC 

;BITS 0-3 



OUTL P0,A Output Accumulator Data to Port 

(8021H,8022H Only ) 







Encoding: 1 001 0000 90H 



OUTL BUS,A 



Output Accumulator Data to BUS 

(Not in 8021 H, 8022H) 







Encoding: 
Description: 



0000 



00 10 



02 H 



Operation: 
Example: 



This is a 2-cycle instruction. Data residing in the 
accumulator is transferred (written) to the BUS port 
and latched. The latched data remains valid until 
altered by another OUTL instruction. Any other 
instruction requiring use of the BUS port (except INS) 
destroys the contents of the BUS latch. This includes 
expanded memory operations (such as the MOVX 
instruction). Logical operations on BUS data (AND, OR) 
assume the OUTL BUS,A instruction has been issued 
previously. 

(BUS)- — (A) 

OUTLBP: OUTL BUS,A ;OUTPUT ACC CONTENTS TO E 



Does not 
apply for 
OUTL 
P0,A 

OF 8021 H, 
8022H 



OUTL Pp.A Output Accumulator Data to Port 1 or 2 



Encoding: 
Description: 

Operation: 
Example: 



001 1 



1 Opp 



39H-3AH 

This is a 2-cycle instruction. Data residing in the accumulator is 
transferred (written) to port 'p' and latched. 

(Pp)— (A) p = 1-2 

OUTLP: MOV A,R7 ;MOVE REG 7 CONTENTS TO ACC 

OUTL P2,A ;OUTPUT ACC CONTENTS TO PORT 2 

MOV A, R6 MOVE REG 6 CONTENTS TO ACC 

OUTL P1,A ;OUTPUT ACC CONTENTS TO PORT 1 
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RAD Move Conversion Result Register to Accumulator 

(8022H Only) 



1000 



0000 



80H 



Encoding: 

Description: This is a 2-cycle instruction. The contents of the A/D conversion result 
register are moved to the accumulator. 

(A)*-(CRR) 



Operation 
RET Return Without PSW Restore 



Encoding: 
Description: 



1000 



0011 



83H 



This is a 2-cycle instruction. The stack pointer (PSW bits 0-2) is 
decremented. The program counter is then restored from the stack. 
PSW bits 4-7 are not restored. 



Operation: (SP)-« — (SP)-1 

RETI Return From Interrupt 

(8022H Only) 



Encoding: 
Description: 

Operation: 



100 1 



00 11 



93 H 



This is a 2-cycle instruction. The stack pointer is decremented and the 
program counter is restored from the stack. Interrupt input logic is re- 
enabled. 

(SP)-«— (SP)-1 
(PC)— ((SP)) + 1 



RETR Return with PSW Restore 

(Not in 8021 H, 8022H) 



Encoding: 
Description: 



100 1 



0011 



93H 



Operation: 



This is a 2-cycle instruction. The stack pointer is decremented. The 
program counter and bits 4-7 of the PSW are then restored from the 
stack. Note that RETR should be used to return from an interrupt, but 
should not be used within the interrupt service routine as it signals the 
end of an interrupt routine by resetting the Interrupt in Progress 
flipflop. 

(SPH — (SP)-1 
(PC)— «SP)) 
(PSW 4-7)-. — ((SP)) 
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RL A Rotate Left without Carry 



Encoding: 
Description: 

Operation: 



1110 



0111 



E7H 



The contents of the accumulator are rotated left one bit. Bit 7 is 
rotated into the bit position. 

(An + 1)- — (An) 

(AO)*— (A7) n = 0-6 



Example: Assume accumulator contains 10110001. 

RLNC: RL A ;NEW ACC CONTENTS ARE 01100011 

RLC A Rotate Left through Carry 



Encoding: 
Description: 

Operation: 



Example: 



1111 



111 



F7H 



The contents of the accumulator are rotated left one bit. Bit 7 
the carry bit; the carry bit is rotated into the bit position. 
(An + 1)*-(An) 

n = 0-6 

(AO)*— (C) 
(C)*- (A7) 

Assume accumulator contains a 'signed' number; isolate sign without 
changing value. 

RLTC: CLR C ;CLEAR CARRY TO ZERO 

RLC A ;ROTATE ACC LEFT, SIGN 

;BIT (7) IS PLACED IN CARRY 
RR A ;ROTATE ACC RIGHT — VALUE 

;(BITS 0-6) IS RESTORED, 

;CARRY UNCHANGED, BIT 7 

;IS ZERO 



RR A Rotate Right without Carry 













Encoding: 


111 


111 


77H 





Description: 
Operation: 
Example: 



The contents of the accumulator are rotated right one bit. Bit is 
rotated into the bit 7 position 

(An)*— (An + 1) n = 0-6 

(A7)*-(A0) 

Assume accumulator contains 10110001. 

/ACC CONTENTS ARE f 



n ,i 
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RRC A Rotate Right through Carry 



Encoding: 
Description: 

Operation: 



0110 



0111 



67H 



The contents of the accumulator are rotated right one bit. Bit 
replaces the carry bit; the carry bit is rotated into the bit 7 position. 

(An)-« — (An + 1) n = 0-6 

(A7)^— (C) 
(C)^— (A ) 

Example: Assume carry is not set and accumulator contains 10110001. 
RRTC: RRC A ;CARRY IS SET AND ACC 



;CONTAINS 01011000 



SEL AN0 Select Analog Input Zero 

(8022H Only) 



Encoding: 


100 1 


10 1 


95H 


SEL AN1 Select Analog Input One 


(8022H Only) 




Encoding: 


1000 


0101 


85H 



Description: One of the two analog inputs to the AID converter is selected. The 
conversion process is started. Restarting a sequence deletes the 
sequence in progress. 

SEL MB0 Select Memory Bank 

(Not in 8021 H, 8022H) 



Encoding: 
Description: 

Operation: 
Example: 



1110 0101 



E5H 



PC bit 11 is set to zero on next JMP or CALL instruction. All references 
to program memory addresses fall within the range 0-2047. 

(DBF)-«— 

Assume program counter contains 834 Hex. 



SEL MB0 
JMP $ + 20 



;SELECT MEMORY BANK 
;JUMP TO LOCATION 58 HEX 



SEL MB1 Select Memory Bank 1 

(Not in 8021 H, 8022H) 



Encoding: 



1111 



0101 



F5H 



Description: PC bit 11 is set to one on next JMP or CALL instruction. All 
references to program memory addresses fall within the range 
2048-4095. 



Operation: (DBF)- 



-1 
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SEL RBO Select Register Bank 

(Not in 8021 H, 8022H) 



Encoding: 
Description: 



1100 



10 1 



C5H 



PSW bit 4 is set to zero. References to working registers 0-7 address 
data memory locations 0-7. This is the recommended setting for normal 
program execution. 

Operation: (BSH — 



SEL RB1 Select Register Bank 1 

(Not in 8021 H, 8022H) 



Enc 
Description 



Operation: 
Example: 



110 1 

— 



10 1 



D5H 



PSW bit 4 is set to one. References to working registers 0-7 address 
data memory locations 24-31. This is the recommended setting for 
interrupt service routines, since locations 0-7 are left intact. The 
setting of PSW bit 4 in effect at the time of an interrupt is restored by 
the RETR instruction when the interrupt service routine is completed. 

(lS)-«— 1 

Assume an external interrupt has occurred, control has passed to 
program memory location 3, and PSW bit 4 was zero before the 
interrupt. 

JUMP TO ROUTINE 'INIT' IF 
INTERRUPT INPUT IS ZERO 
MOVE ACC CONTENTS TO 
LOCATION 7 
SELECT REG BANK 1 
MOVE 'FA' HEX TO LOCATION 31 



Operation: LOC3: JNI INIT 



INIT: MOV R7,A 



SEL RB1 

MOV R7,#0FAH 



SEL RBO 
MOV A,R7 
RETR 



STOP TCNT Stop Timer/Event-Counter 



SELECT REG BANK 

RESTORE ACC FROM LOCATION 7 

RETURN — RESTORE PC AND PSW 



Encoding: 



0110 



10 1 



65H 



Description: This instruction is used to stop both time accumulation and event 
counting. 
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Example: Disable interrupt, but jump to interrupt routine after eight overflows 
and stop timer. Count overflows in register 7. 



START: DIS TCNTI 
CLR A 



MOV T,A 
MOV R7,A 



STRTT 
MAIN: JTF COUNT 

JMP MAIN 
COUNT: INC R7 

MOV A,R7 
JB3 INT 



JMP MAIN 



;MAIN 



DISABLE TIMER INTERRUPT 
CLEAR ACC TO ZEROS 
MOVE ZEROS TO TIMER 
OVE ZEROS TO REG 7 
START TIMER 

JUMP TO ROUTINE 'COUNT' 

IF TF = 1 AND CLEAR TIMER FLAG 

CLOSE LOOP 

INCREMENT REG 7 

MOVE REG 7 CONTENTS TO ACC 

JUMP TO ROUTINE 'INT' IF ACC 

BIT 3 IS SET (REG 7 = 8) 

OTHERWISE RETURN TO ROUTINE 



INT: STOP TCNT 
JMP 7H 



STOP TIMER 

JUMP TO LOCATION 7 (TIMER) 
INTERRUPT ROUTINE 



STRT CNT Start Event Counter 







Encoding: 
Description: 

Example: 



0100 



101 



45H 



The test 1 (T1) pin is enabled as the event-counter input and the 
counter is started. The event-counter register is incremented with each 
high-to-low transition on the T1 pin. 

Initialize and start event counter. Assume overflow is desired with first 
T1 input. 

STARTC: EN TCNTI ;ENABLE COUNTER INTERRUPT 

;MOVE 'FF' HEX (ONES) TO ACC 
;MOVES ONES TO COUNTER 
;ENABLE T1 AS COUNTER 
;INPUT AND START 



EN TCNTI 
MOV A,#0FFH 
MOV T,A 
STRT CNT 
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STRT T Start Timer 



._ 







Encoding: 



010 1 



10 1 



55H 



Description: Timer accumulation is initiated in the timer register. The register is 
incremented every 32 instruction cycles. The prescaler which counts 
the 32 cycles is cleared but the timer register is not. 

Example: Initialize and start timer. 



STARTT: CLR A 

MOV T,A 
EN TCNTI 
STRT T 



CLEAR ACC TO ZEROS 
MOVE ZEROS TO TIMER 
ENABLE TIMER INTERRUPT 
START TIMER 



SWAP A Swap Nibbles within Accumulator 







Encoding: 



100 



111 



47H 



Description: Bits 0-3 of the accumulator are swapped with bits 4-7 of the 
accumulator. 

Operation: (A4-7r*~~^(An-a) 



Example: Pack bits 0-3 of locations 50-51 into location 50. 



PCKDIG: MOV R0, #50 



MOV R1, #51 
XCHD A,@R0 

SWAP A 
XCHD A,@R1 

MOV @R0,A 



MOVE '50' DEC TO REG 
MOVE '§? DEC TO REG 1 
EXCHANGE BITS 0-3 OF ACC 
AND LOCATION 50 
SWAP BITS 0-3 AND 4-7 of ACC 
EXCHANGE BITS 0-3 OF ACC AND 
LOCATION 51 

MOVE CONTENTS OF ACC TO 
LOCATION 50 



XCH A,Rr Exchange Accumulator-Register Contents 



Encoding: 



00 10 



1 r r r 



28H-2FH 

Description: The contents of the accumulator and the contents of working register 
'r' are exchanged. 

Operation: (A)"~^(Rr) r = 0-7 

Example: Move PSW contents to Reg 7 without losing accumulator contents. 



XCHAR7: XCH A,R7 

MOV A, PSW 
XCH A,R7 



EXCHANGE CONTENTS OF REG 7 
AND ACC 

MOVE PSW CONTENTS TO ACC 
EXCHANGE CONTENTS OF REG 7 
AND ACC AGAIN 
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XCH A,@Rr Exchange Accumulator and Data Memory Contents 



Encoding: 
Description: 



Operation: 
Example: 



00 10 



000 r 



20H-21H 

The contents of the accumulator and the contents of the resident data 
memory location addressed by bits 0-5* of register 'r' are exchanged. 
Register f contents are unaffected. 

(A)^((Rr)) r=0-1 

Decrement contents of location 52. 



DEC52: MOV R0,#52 
XCH A,@R0 

DEC A 
XCH A,@R0 



MOVE '52' DEC TO ADDRESS REG 
EXCHANGE CONTENTS OF ACC 
AND LOCATION 52 
DECREMENT ACC CONTENTS 
EXCHANGE CONTENTS OF ACC 
AND LOCATION 52 AGAIN 



XCHD A,@R r 



Exchange Accumulator and Data Memory 4-Bit Data 





Encoding: 
Description: 



Operation: 
Example: 



00 1 1 000 r 



30H-31H 



This instruction exchanges bits 0-3 of the accumulator with bits 0-3 of 
the data memory location addressed by bits 0-5* of register V. Bits 4-7 
of the accumulator, bits 4-7 of the data memory location, and the 
contents of register V are unaffected. 

(Ao-3)^((RrO-3)) r = 0-1 

Assume program counter contents have been stacked in locations 
22-23. 

;MOVE '23' DEC TO REG 
;CLEAR ACC TO ZEROS 
; EXCHANGE BITS 0-3 OF ACC AND 
.LOCATION 23 (BITS 8-11 OF PC ARE 
;ZEROED, ADDRESS REFERS TO PAGE 0) 



XCH NIB: MOV R0,#23 
CLR A 

XCHD A,@R0 



XRL A,R r Logical XOR Accumulator With Register Mask 



Encoding: 
Description: 

Operation: 
Example: 



110 1 



1 rrr 



D8H-DFH 

Data in the accumulator is EXCLUSIVE ORed with the mask contained 
in working register 'r'. 

(A)-. — (A) XOR (Rr) r = 0-7 

XORREG: XRL A,R5 ;'XOR' ACC CONTENTS WITH 

;MASK IN REG 5 
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XRL A,@R r Logical XOR Accumulator With Memory Mask 



Encoding: 
Description: 

Operation: 
Example: 



110 1 



OOOr 



D0H-D1H 

Data in the accumulator is EXCLUSIVE ORed with the mask contained 
in the data memory location addressed by register V, bits 0-5*. 

(A)-— (A) XOR ((Rr)) r = 0-1 



XORDM: MOV R1, #20H 
XRL A,@R1 



MOVE '20' HEX TO REG 1 

'XOR' ACC CONTENTS WITH MASK 

IN LOCATION 32 



XRL A,#data Logical XOR Accumulator With Immediate Mask 



Encoding: 
Description: 

Operation: 
Example: 



110 1 



00 11 



D3H 



67 6q d5 d4 d3 d2 di do 

This is a 2-cycle instruction. Data in the accumulator is EXCLUSIVE 
ORed with an immediately-specified mask. 

(A)-«— (A) XOR data 

XORID: XOR A,#HEXTEN ;XOR CONTENTS OF ACC WITH MASK 

;EQUAL VALUE OF SYMBOL 'HEXTEN' 
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MCS®-48 APPLICATION EXAMPLES 



5.0 INTRODUCTION 

This chapter is organized in two sections, 
Hardware and Software. The hardware section 
gives examples of some typical configurations 
of MCS-48 components, while the software 
section gives assembly language listings of 
some common applications routines. 

5.1 HARDWARE EXAMPLES 











— 



OSCILLATOR MODE 



LC OSCILLATOR MODE 
NOT APPLICABLE TO 
8021H/8022 



DRIVING FROM 
EXTERNAL SOURCE 



I M Hz 

X- 



-L> 



XTAL2 



PIN-TO-PIN 
CAPACITANCE 



C1 = Spl ± 14 pf ♦ (STRAV<5pf) 
C2 - (CRYSTAL + STRAYXBpl 
C3 - 20pr ± 1pF+ (STRAY<5pl) 



iSM 20 pF 
120 M 20 pF 



NOM INAL I 

5-2 MHz 
3.2 MHz 



OPEN 

COLLECTOR 
TTL GATES 



1 



CRYSTAL PARALLEL RESISTANCE SHOULD EACH C SHOULD BE APPROXIMATELY 20pF FOR THE 8049H XTAL1 MUST BE HIGH 
BE LESS THAN 7 
180 Oat 3.6 MHz. 



BE LESS THAN 75 !! AT 1 1 MHz, LESS THAN INCLUDING STRAY CAPACITANCE 35-65% OF THE PERIOD AND XTAL2 

1 80 fl at 3.6 MHz. MUST BE HIGH 35-65% OF THE PERIOD. 



RISE AND FALL TIMES MUST 
NOT EXCEED 20ns. 

- 

Intel Corportaion Assumes No Responsibility for the Use ol any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied 



re 5-1. Suggested Circuits 
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+5V GND 



1 



40 



1 M fd 



26 



- 



20 



Vcc v DD v ss 
XTAL 1 



RESET 



P10 
Pll 
P12 
P13 
P14 
P15 
P16 
P17 

P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 



TO DBO 
DB1 

T1 DB2 
DB3 

INT DB4 
DBS 
DB6 
DB7 

ALE PSEN PROG Wfi RD 



8749H 
8049H 
8048H 
8748 



11 


9 


25 


" 1 











" INPUT 1 

AND 
OUTPUTj 



INPUT 
AND 
OUTPUT 



I 



INPUT 
AND 
OUTPUT 



All inputs and outputs (except RE 
standard TTL compatible 
P1 and P2 outputs drive 5V CMOS directly 



,X1,X2) 



XTAL: Parallel Resonant 
1 to 11 MHz 



CTS Knights MP060 
Crystek CY6B 
or equivalent 
or standard 3.58 MHz 



tVCo^r^XTAT 



Figure 5-2. The Stand Alone 8048H/8049H/8748/8749H 
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+5V GND 



r 



XTAL 2 



+5V 
lufd-L 
10V f 17 



28 U 

XTAL 1 



8021 H 



POO 
P01 
P02 
P03 
P04 
P05 
P06 
P07 

P10 
P11 
P12 
P13 
P14 
P1S 
P16 
P17 




> PORT 



INPUT 
AND 
OUTPUT 



INPUT 

AND 

OUTPUT 



INPUT 

AND 

OUTPUT 



x 2 



x 2 



rrt 

GATE 



XTAL 1 



XTAL 2 



LC CRYSTAL 

ALTERNATE FREQUENCY REFERENCE OPTIONS 
(COMPONENT VALUES TO BE DETERMINED) 



EXTERNAL 



Figure 5-3. The Stand Alone 8021 H 
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;r mica~£ 




vcc 


RESET 








P10 






P1 1 


VAREF 




P12 






P13 


AVCC 




P14 






P15 






P16 


AVSS 




P17 


Vss 




P20 






P21 




8022H 


P22 






P23 


SUBST 




P24 






P25 


ANO 




P26 






P27 


AN1 




Vth 


XTAL1 




POO 






POl 






P02 






P03 


XTAL2 




P04 






P05 


Tl 




P06 






P07 


ALE 


PROG TO 





[INPUT I 
AND 
outputJ 



r INPUT 
ANO 



[INPUT I 
AND 
OUTPUT J 



+5V 



Optional 



C= -J- 

20-50pF 



x, 



x 2 



6-3.6MH2 



-O 

TTL 

GATE 



X 2 



XTAL 2 



CRYSTAL 



EXTERNAL 



ALTERNATE FREQUENCY REFERENCE OPTIONS 
(COMPONENT VALUES TO BE DETERMINED) 



Figure 5-4. The Stand Alone 8022H 
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DEVICE 
1 



DEVICE 

2 



DEVICE 
3 








OPEN 
COLLECTOR 
INVERTERS 



— 



0- 



INT 


8049H 




8048H 




8748 




8035HL 




8039HL 


P10 




ANY 


P11 UNDEDICATED 


PORT LINES 


P12 CAN BE USED 


P13 





















• Ail devices equal priority 

• Processor polls Port 1 to determine 
interrupting device 



Figure 5-5. Multiple Interrupt Sources 



5-5 



AFN-02174A 



MCS-48 APPLICATION EXAMPLES 



INTERRUPT 
INPUTS ' 



15 
16] 
17 
18 
19* 
20' 
21 ' 
22' 



B B, B 2 SGS ECS 



8214 



ELTG INTE ELR CLK 



RS FLIP FLOP 



□ BO 
DB1 
DB2 
DB3 
WR 



P10 
P11 
PI 2 



8749H 

8049H 

8048H 

8748 

8035HL 

8039HL 



• Processor polls Port 1 to determine 
interrupting device 

• Processor sets priority level by writing 4 bits 
to 8214 



Figure 5-6. Multiple Interrupts with Priority Levels 
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+5V GND 



j26 20 

Vcc V 0D V ss 



8749H 

8049H 

8048H 

8748 

8035HL* 

8039HL* 

8050H 

8040HL* 



922 
P23 
P24 
P25 
P26 
P27 

DBO 
DB1 
DB2 
DB3 
DB4 
DBS 



ALE PSEN PROG WR RD 



V C c GND 

8282 
LATCH 



ND — -J 



□ 17 
DI6 
DI5 
DI4 
DI3 
DI2 



DO 7 
0O 6 
D0 S 
DO 4 
DO 3 
DO 2 
DOt 
DO 



OE 



2716 
2Kx8 
EPROM 



•EA-5V FOR 8035HU8039HUB040HL 



• 8282 serves as address latch 

• Address is valid while ALE is high and is 
latched when ALE goes low 



Figure 5-7. External Program Memory 
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40 



26 




Vcc Vdd Vss 

XTAL 1 



8749H 

B049H 

8048H 

8748 

8035HL' 



P10 
P11 
P12 
P13 
P14 
P15 
P16 
P17 

P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 

DBO 
DB1 
DB2 
DB3 
DB4 
DBS 
DB6 
DB7 



ALE PSEN PROG WR RD 



■EA = 5VFOR8035HL/8039HL 



CAN 



13 




13 


14 




14 


15 




15 


16 16 


17 




17 


18 




1'8 


19 




19 



A8 
A9 
A10 

ADO 
AD 1 
AD2 
AD3 
AD4 
A05 
AD6 
AD7 



IOW 
RD 
ALE 
CE 

RESET 



Vcc Vdd v ss ce 



8355/ 
8755A 
2K x 8 
ROM/ 
EPROM 



PAO 
PA1 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 



TFT 



External I/O ports are addressed as data memory PA = 00 PB = 01 
If the 8048H's internal Program Memory is used, this configuration will 
result in the upper 1K of external memory being addressed before the 
lower 1K. Inverting A10 will correct this if necessary. This inversion is 
not necessary if the 8049H is used. 



Figure 5-8. Adding a Program Memory and I/O Expander 
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t 



40 26 20 



Vcc V D d V ss 
XTAL 1 



RESET 



8749H 
8049H 
8048H 
8748 
SHL- 



ALE PSEN PROG WR RD 



P10 
P11 
P12 
P13 
P14 
P15 
P16 
P17 

P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 

DBO 
OBI 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 



11 



10 8 



•EA = 5V FOR 8035HL/8039HL 



+5V 
40 



GND 

20 



CAN BE SUPPLIED BY SYSTEM "1 f. 

RESET OR PORT LINE OF 8048H 



Vcc 



Vss 







PAO 






PA1 
PA2 










PA3 


ADO 




PA4 


AD1 




PA5 


AD2 




PA6 


AD3 




PA7 


AD4 






ADS 
AD6 
AD7 


8155 
256 x8 
RAM 


PCO 
PCI 
PC 2 
PC3 


IO/M 




PC4 
PC5 


RD 




PBO 


WR 




PB1 
PB2 


ALE 




PB3 


CE 




PB4 
PB5 
PB6 


RESET 


TIMER TIMER PB7 



TIMER 



• Both I/O and RAM are addressed as data 
memory 

• Writing a bit to P27 determines whether RAM 
or I/O is to be accessed 



Figure 5-9. Adding a Data Memory and I/O Expander 
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+5V +5V GND GND 



OPTIONAL GATE 
TO PREVENT 
"HOLE" IN 




VCC VOD V SS 
XTAL 1 



8048H 
8748 



P23 
P24 
P25 
P26 
P27 

DBO 
OBI 
DB2 
DB3 
D84 
DBS 
DB6 



ALE PSEN PROG WR~ RD 











;dby system 
or port line of 8cw8h ~ 



ADO 
AD1 
AD 2 
A03 
AD4 
AD5 
AD6 
AD7 



V CC Vdd V SS CE 



8355/ 
8755A 
2K x 8 
ROM/ 
EPROM 



PAO 
PA1 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 



PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 



:SET 



■=* NC NC 



ADO 
AD1 
AD2 
AD3 
AD4 
AD5 
AD6 



8156 
256 x 8 
RAM 



PAO 
PA1 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PCO 
PC1 
PC2 
PC3 
PC4 
PC5 

PBO 
PB1 
P82 
PB3 
PB4 
PB5 



This configuration is explained in section 3.4 



Figure 5-10. The Three-Chip System 
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5.2 I/O EXPANSION TECHNIQUES 



The following are several examples of how the 
basic I/O capability of the MCS-48 microcom- 
puters can be easily expanded externally using 
either the 8243 I/O expander device or stand- 



ard logic circuits. These techniques can be used 
whenever the combination memory/ IO ex- 
panders illustrated on the preceding pages are 
not required. 



+5V 



40 



26 



20 



II " 

• — g 


4 




7 



MC ■ 



Vcc Vdd ^ ss 
XTAL 1 

XTAL2 



RESET 



EA 



P10 
P11 
P12 
P13 
P14 
P15 
P16 
P17 



8749H 

B049H 

8048H 

8748 

8035HL 

8039HL 



TO 
T1 
INT 



ALE PSEN PROG WR RD 



P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 

DBO 
OBI 
DB2 
DB3 
DB4 
DBS 
DB6 
DB7 



+5V 


GIMD 


l 24 


|l2 


Vcc 


GND 











8243 
I/O 
EXPANDER 



P20 
P21 
P22 
P23 



P40 
P41 
P42 
P43 

P50 
P51 
P52 
P53 

P60 
P61 
P62 
P63 

P70 
P71 
P72 
P73 



Figure 5-11. Adding an I/O Expander 
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28 



Vcc v ss 
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11 
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10 
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•PIN NUMBERS ARE DIFFERENT FOR 8022H 



Figure 5-12. Adding an I/O Expander to the 8021 H, 8022H 
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40 26 , 20 

Vcc Vdo Vss 



8749H 

8049H 

8048H 

8748 

803SHL 

8039HL 

8021 H* 



ALE PSEN PROG WR RD 



P10 
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P15 
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P21 
P22 
P23 
P24 
P25 
P26 
P27 

DBO 
OBI 
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DB3 
OB4 
DB5 
DB6 
DB7 



•PIN NUMBERS ARE DIFFERENT FOR 8021 H, 8022H 
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Figure 5-13. Adding Multiple I/O Expanders 
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XTAL 1 




pit 










3 






P13 
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P14 








P15 


4 






P16 




RESET 




P17 


7 






P20 




EA 












P22 


5 






P23 





SS 


8749H 


P24 






8049H 


P25 






B048H 


P26 






8748 


P27 








DBO 




TO 




DB1 






082 


39 


T1 




DB3 


6 




DB4 




INT 




DB5 








DB6 








DB7 




ALE PSEN PROG WR 


RD 




The bus is normally used as an output port. To 
use it as an input port the bus is put in the high 
impedance state using the MOVX instruction 
and then read using the INS instruction. The 
resistor value chosen is a function of the 
output loading and the characteristics of the 
input signals. 



Figure 5-14. Adding 8 Input Lines 



40 126 ,20 



VcC V OD V SS 
XTAL 1 



8749H 
8049H 
8048H 
8748 



P22 
P23 
P24 
P25 
P26 
P27 

□ 30 
DB1 
DB2 
DB3 
DB4 
DB5 



ALE PSEN PROG WR RD 



Individual bits of the 74LS259 eight-bit 
addressable latch can be set or reset using the 
OUTL instruction. During the OUTL operation 
bit zero of the accumulator is written into the 
bit of the latch specified by bits 1 through 3 of 
the accumulator. In this configuration DBo- 
DB7 will be momentarily disturbed while the 
external latch is loaded. 



74LS259 
(161 



Figure 5-15. Adding 8 Output Lines 
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Vcc Vdd Vss 
XTAL i 



8749H 

8049H 

8048H 

8748 

8021 H* 

803SHL 

8039HL 

8022H* 



P10 

pi i 

P12 
P13 

P15 
P16 
P17 



i ;eo 

DB1 
DB2 
DB3 
DB4 
DBS 



22 


-J= 


23 


-4= 


24 


-4= 



ALE PSEN PROG WR RD 



pi (9 [25 1 10 |8 







E0 






El 






E2 






E3 






E4 






E5 


A 




E6 


B 


74150 


E7 


C 


(24) 


E8 


D 




E9 






E10 






E11 






E12 






E13 






E14 






E15 



Normal I/O port is used to select an address 
for the 16-to-1 multiplexer. The output of the 
multiplexer is brought into a test input. Eight 
inputs could be added with a 74LS151 8-to-1 
multiplexer using the same structure. 



Note: If external program memory is being 
addressed, use P24-P27 instead of P20-P23. 



*PIN NUMBERS ARE DIFFERENT FOR 8021 H, £ 



Figure 5-16. Adding 16 Input Lines 



40 ,26 ,,20 



V C C Vqd v ss 
XTAL 1 
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8048H 
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ALE PSEN PROG WR RD 
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P16 
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□ 81 
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DB3 
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13 


-*=- 

-4=- 


13 


14 


-i=- 


11 


15 


S=~ 


6 


16 






17 




3 



The latch can be loaded with the OUTL 
instruction. After the latch is loaded the BUS 
output state can be modified with the ANL 
BUS, # DATA and the ORL BUS, # DATA. The 
OUTL generates a WR strobe; ANL and ORL 
do not. In this configuration DB0-DB7 will be 
momentarily disturbed while the external latch 
is loaded. 



6D 




6Q 


5D 




50 


4D 


74LS174 


4Q 


3D 


(16) 


30 


2D 




2Q 


ID 


CLK 


10 



5-17. Adding 6 Output Lines 
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Vcc 

XTAL 1 



8749H 

8049H 

8D48H 

8748 

8021 H' 

8035HL 

8039HL 

8022H- 



ALE PROG 



P12 
P13 
P14 
P15 

pie 

p i ■ 



P02 
P03 
P04 
P05 
P06 
P07 



DISPLAY 
AND/OR 
KEYBOARD 
ARRAY 



QA QB QC 


QD QE QF QG QH 


A 
B 


74LS164 




(14) 


> 




CLR 





This is most useful when the outputs of the 
74LS164 eight-bit shift register will be used to 
scan a display and/or keyboard. In this case an 
ANLD P7, A with A = OFFH can be used to load 
the initial "1" and an ANLD P6, A with A = OFEH 
can be used to move it down the shift register. 



■PIN NUMBERS ARE DIFFERENT FOR 8021 H. 8022H 



Figure 5-18. Adding Output for Keyboard/Display Scanning 
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NOTE 

f }3 IS SHOWN 
HERE CONNECTED 
FOR OUTPUT. P n 
IS CONNECTED 
FOR INPUT 




Figure 5-19. 8049H Emulator Circuit 

5-17 







MCS-48 APPLICATION EXAMPLES 



5.3 8049H EMULATOR CIRCUIT 
DESCRIPTION— 6 MHZ 

The following is an explanation of a circuit 
which emulates the operation of an Intel 8049 
using a standard EPROM for program 
storage. 

With the 8049, software may be developed by 
running external program memory, but doing 
so requires the use of the bus and P23-P20 t0 
access this memory. 

The circuit shown may be used to restore the 
normal functioning of these twelve I/O pins. 
The circuit consists of an 8039 CPU, 2716 
EPROM, two 8216 bidirectional bus drivers, 
and eight other 7400 Series Low-Power 
Schottky TTL packages. The whole assembly 
can be built on a 2 3 A"x4" board. 

A cable coming off the board can be ter- 
minated by a forty-pin plug which may be in- 
serted directly into the CPU socket intended 
for the 8049 in a system undergoing design or 
testing. Alternatively, a pattern of forty pins 
extending below the board can be used to plug 
the board directly into the system undergoing 
testing, "piggy-back" fashion. The emulator 
board may be configured in various ways so 
that the 40 pin plug is the logical equivalent of 
an 8049 in every legal operating mode. (In the 
following explanation of the operation of the 
circuit, an asterisk app earing before a signal or 
pin number — as in *PSEN — refers to that 
pin on the "virtual 8049" represented by the 
forty- pin plug). 

Since the CPU is identical with the 8049 in all 
respects other than its lack of program 
memory, most of the pins of the 8039 are 
simply connected directly to the corresponding 
pins of the forty-pin plug. These include all of 



Port 1 , the high order bits of Port 2, the test 
pins, etc. Signals which are emulated with ad- 
ditional logic include the rest of Port 2, DB 7 - 
DB„, *PSEN, etc. RD, WR, ALE, and PSEN 
are obtained from the 8039, but are also used 
by the emulation circuitry. 

The EA input of the 8039 is hard-wired high so 
all instruction fetches are made form the 2716. 
Two 74LS75 four-bit latches gated by the buf- 
fered ALE signal are used to hold the lower 
eight bits of address from the time-multiplexed 
data bus. Since the Bus is being used for fet- 
ching instructions, data latched to the Bus will 
be lost on the next instruction fetch. Two 
74LS174 latches are used to retain the output 
data when a bus write is executed. These lat- 
ches are triggered by the trailing edge of the 
WR pulse, so their outputs are glitch free. 
Since logical operations to the bus do not 
generate a WR strobe, the "OUTL BUS, 
#data" "ANL BUS,#" and "ORL BUS,#" in- 
structions may not be used, though they do 
function properly with the other ports. 

The two 8216 bidirectional bus drivers normal- 
ly buffer the latched bus contents to the DB 
pins of the vertual 8049. When an "INS A, 
BUS" instruction is executed, they buffer the 
input signals on to the emulator data bus. 
Thus, the circuit is designed to use the Bus for 
both latched output and strobed input. If DB 7 - 
DB of the 8049 are to be used solely for input 
data, J2 and J3 may be changed from what is 
shown in the Figure, so that DB 7 -DB act as 
high impedance inputs and the 8216s are 
enabled only when the read operation is per- 
formed. If the bus is to be used only for latch- 
ed output, the 8216s can be omitted entirely. 

Bidirectional data transfers which require the 
transfer of address information as well as 
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data, such as to and from external data 
memory, require removal of the 8216s and 
replacement with 16-pin jumper blocks on 
which the DB X pins are connected with the 
respective DO x pins. 

The lower four bits of Port 2 are also used in 
fetching instructions from the 2716, in addi- 
tion to their use in input or output pins in the 
user's system. In configuring the emulator for 
a particular application, the user must dedicate 
each of these as either an input or output pin 
and connect jumper set Jl accordingly. Any 
mix of input and output pins is allowed. At the 
beginning of each instruction fetch, the last 
data written to P2 will be present on P23-P20 at 
the rising edge of ALE and will be latched by a 
74LS174. The latched data may be connected 
through the jumpers to those pins which will 
be used as outputs on the 8049. Emulator pins 
used as inputs should be pulled above 2.0V for 
a logic "one". If this is not the case, i.e., if 
switches to Ground are to be read, 50K pullup 
resistors should be added to the circuit on each 
input. They were omitted from the diagram to 
minimize input loading. 

Pins which will be used as inputs may be con- 
nected to the input of an OR gate formed of 
inverters and open-collector NAND gates. The 
input signals will be relayed directly to the 
8039 and will be read b y an "IN A,P2" instruc- 
tion. But when PSEN is low, the NAND out- 
puts are forced off, allowing the 8039 pins to 
be used for high-order program addressing. 
Open-collector outpu ts are needed to prevent 
line contention when PSEN is not low. 



NANDs should be removed or disabled by 
grounding the common NAND inputs. 

The cluster of three OR gates is used to enable 



the on-board 2716 and generate the *PSEN 
signal, each of which is a function of PSEN, 
*EA, and the high or der bit of the program 
counter. Thus *PSEN is generated, forcing an 
off-board read, only when a jump has been 
made to Memory Bank 1 or when *EA is 
brought high. If this feature is to be used to 
address off-board memory, DB 7 -DB may not 
be used for normal I/O. The 8216s and 
74LS174 must be replaced with jumper blocks 
and the open collector NAND gates disabled, 
as explained above. The same changes are re- 
quired to operate the board in single step 
mode. 



If 8243s will be used in the final system, the 
low order pins of Port 2 must be connected 
directly to the plug. This may be done by 
replacing the Port 2 latch with four jumpers 
connecting the inputs to the outputs. The 
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PRINTER POS. 







DRUM PRINTER* 



INTERFACE 



V 



PORT 2 PORT 1 PORT 1 

2 8048H 

BUS 



ROY/BSY 
•SEIKO ^101 



DATA IN OR 8080 INTERNAL BUS 



Figure 5-20. 8048H Interface to Drum Printer 
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8^ 
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Figure 5-21. MCS-48 Gas Pump 
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TO OPTIONAL 

• COMMUNICATIONS 
NTERFACE 

• READER 

• STORE AND FORWARD 




MATRIX PRINTER* 
WITH PAPER 
ADVANCE 



•DRUM PRINTER MAY BE USED 
DRUM PRINTER REQUIRES 
MORE OUTPUTS WHICH CAN BE 
OBTAINED FROM AN EXPANDER 
DEVICE. 




Figure 5-22. Low Cost Point of Sale Terminal 
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OPEN LOOP MODES 

WIDE OPEN 
COLD ENGINE 
DECELERATE 
ENGINE CRANKING 




IGNITION 
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(ENGINE SPEED) 





4 




VEHICLE TYPE 
IDENTIFICATION 



Figure 5-23. Simple Feedback Carburetor Controller 
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Figure 5-24. Microwave Oven Controller 
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5.4 SOFTWARE EXAMPLES 

The following routines are written as pointers, R2 is used as an extension of the ac- 
subroutines. RO and Rl are used as data cumulator and R3 is used as a loop counter. 



;GET LOW BYTE AND ADD TO A 
;GET HI BYTE AND ADD TO AEX 

;RETURN 

;GET LOW BYTE AND SUB FROM A 



RXO = RO 
AEX = R2 

DOUBLE ADD 

DADD: DEC RXO 

ADD A,@RX0 

INC RXO 

XCH A, AEX 

ADDC A,@RX0 

XCH A, AEX 
RET 

DOUBLE SUBTRACT 

DMIN: DEC RXO 

CPL A 

ADD A,@RX0 

CPL A 

INC RXO ;GET HI BYTE AND SUB FROM AEX 

XCH A.AEX 

CPL A 

ADDC A,@RX0 

CPL A 

XCH A.AEX 
RET 

DOUBLE LOAD 

DLD: DEC RXO 

MOV A,@RX0 

INC RXO 

XCH A.AEX 

MOV A,@RX0 

XCH A,AEX 
RET 

DOUBLE STORE 



;RETURN 



;GET LOW BYTE AND PLACE IN A 
;GET HI BYTE AND PLACE IN AEX 

;RETURN 



DST: 



DEC RXO 

MOV @RX0,A 

INC RXO 

XCH A,AEX 

MOV @RX0,A 

XCH A,AEX 
RET ;RETURN 
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DOUBLE EXCHANGE 

DEX: DEC RXO ; EXCHANGE A AND LOW BYTE 

XCH A,@RX0 

INC RXO ; EXCHANGE A EX AND HIGH BYTE 
XCH A.AEX 



XCH AAEX X0 



RET ;RETURN 

DOUBLE LEFT LOGICAL SHIFT 

LLSH: RLC A ;SHIFT A 

XCH A,AEX ;SHIFT A EX 

XCH A^AEX 

RET ;RETURN 

DOUBLE RIGHT LOGICAL SHIFT 



RLSH: 


XCH 


A.AEX 


;SHIFT AEX 








RRC 


A 










XCH 


A.AEX 










RRC 


A 


;SHIFT A 








RET 




;RETURN 






DOUBLE RIC 


iHT AR 


ITHMETIC 


SHIFT 




RASH: 


CLR 


C 


;SET CARRY 








CPL 


C 










XCH 


A.AEX ;IF AEX[7] < > 


1 THEN 






JB7 


$ + 3 










CLR 


C 


;CLEAR CARRY 






RRC 


A 


;SHIFT C INTO AEX 






XCH 


A.AEX 










RRC 


A 


;SHIFT A 








RET 




;RETURN 







5.4.1 Single Precision Binary 
Multiply 

This routine assumes a one-byte multiplier 2 ) The Accumulator and Rl are shifted right 

and a one-byte multiplicand. The product, one place, thus the LSB of the multiplier 

therefore, is two-bytes long. goes into the carry. 

_ . 3 ) The multiplicand is added to the ac- 

The algorithm follows these steps: cumulator if the carry bit is a 'one'. No ac- 

1 ) The registers are arranged as follows: don if the ca is ^ 

ACC - 

Rl — Multiplier 4 ^ Decrement the loop counter and loop 

R2 - Multiplicand (return to Step 2) until it reaches zero. 

R3 - Loop Counter ( = 8) 5 ) Shift the result right one last time just 

The Accumulator and register Rl are before exiting the routine, 

treated as a register pair when they are *The result will be found in the Accumulator 

shifted right (see Step 2) (MS Byte) and Rl (LS Byte). 
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BINARY MULTIPLY 



DMDV- 
DMrT. 


MUV 


do unau 

nOjffUon 




1 q 


A 

A 








QM Dl- 


BBC 


A 




XCH 


A,R1 




RRC 


A 




XCH 


A,R1 




JNC 


BMP3 




ADD 


A,R2 


BMP3: 


DJNZ 


R3,BMPI 




RRC 


A 




XCH 


A,R1 




RRC 


A 




XCH 


A,R1 









SET COUNTER TO 8 
CLEAR A 

CLEAR CARRY BIT 

DOUBLE SHIFT RIGHT ACC & R1 
INTO CARRY 



IF CARRY = 1 ADD, OTHERWISE DON'T 
ADD MULTIPLICAND TO ACCUMULATOR 

DECREMENT COUNTER AND LOOP IF 
DO A FINAL RIGHT SHIFT AT THE 
END OF THE ROUTINE 



5.4.2 Interrupt Handling 

This interrupt routine assumes single level in- and the status word. At the end of the inter- 
terrupt. The purpose is to store the status of rupt the state of the machine is restored and in- 
the machine at the time the interrupt occurs by terrupts are enabled again, 
storing contents of all registers, accumulator, 



INTRPT: 



MOV 



RB1 

@R0,A 



I 

MOV 
MOV 
RETR 



I 
I 

RO.SACC 
A,@R0 



;SAVE WORKING REGISTERS 
RO IN ALTERNATE REGISTER 
BANK CONTAINS SACC 
POINTER FOR SAVING 
ACCUMULATOR 



/INTERRUPT SERVICE 
t ROUTINE 



RESTORE SACC 
RESTORE ACCUMULATOR 
RESTORE WORKING REGISTERS 
RESTORE PSW AND 
RE-ENABLE INTERRUPTS 
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5.4.3 Two-Byte Processing System 

A suggested model of a processing routine 
takes two single byte inputs from different 
ports, compares them, and performs the 
following, depending on the result of the com- 
parison: 



* ! i.' : ' 



(If Equal) Sets Flag and Exits 
(If Not Equal) and Outputs the Larger to a 
Third Port 



INPUT FIRST OPERAND 
INPUT SECOND OPERAND 



T 



PROCESS: 



SECOND: 



EQUL: 



SET FO 




EXIT 

V s 



CLR 
IN 

MOV 
IN 

MOV 
CPL 



FO 

A,P1 

R0,A 

A,P2 

R1,A 

A 



;CLEAR FO BIT (INITIALIZE) 
;READ FIRST INPUT, STORE IN RO 

;READ SECOND INPUT, STORE IN R1 

;SUBCONTRACT SECOND FROM FIRST 



INC A :(2's COMPLEMENT AND ADD) 

ADD A,R0 

JZ EQUL ;BRANCH IF THEY ARE EQUAL 

JNC SECOND ;IF NEGATIVE, SECOND WAS LARGER 

MOV A,R0 ;ELSE, OUTPUT FIRST 

OUTL BUS,A 

JMP DONE 

MOV A,R1 

OUTL BUS,A 

JMP DONE ;EXIT 

CPL FO ;SET FO 

JMP DONE ;EXIT 
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8 x 8 MULTIPLY-ASSEMBLED BY MCS-48 MACRO ASSEMBLER* 



ISIS-II MCS-48/UPI-41 MACRO ASSEMBLER , V3 . 8 



LIKE SOURCE STATEMENT 



= 111 «I HCLUDE( ! Fl i HPY8 ) 

1= 112 «I NCLUDE< : Fl : HPY8 PDL > 

2 = 113 i=*********«*********«**********************************************»****«*«**» 
2=114;* * 

2- 115 ;» MPY8X8 i 

2= 116 • 

2= 11? ;•============================================================================* 

2= l 18 • 



2= 119 THIS UTILITY PROVIDES AN 8 BY 8 UNSIGNED MULTIPLY 

2= 128 ;. AT ENTRY: 

2= 121 J* A = LOWER EIGHT BITS OF DESTINATION OPERAND 

XA= DON ' T CARE 

Rl= POINTER TO SOURCE OPERAND (MULTIPLIER) IN INTERNAL MEMEORY 



2= 128 ». AT ENTRY: 

A = LOWER EIGHT BITS OF DESTINATIO" ' 

2= 122 I* 

2- 123 )* 

2' 124 

2= 125 >« AT EXIT: 

2= 126 A = LOWER EIGHT BITS OF RESULT 

2= 127 XA= UPPER EIGHT BITS OF RESULT 

2= 128 i« C = SET IF OVERFLOW ELSE CLEARED » 

2- 129 ;« • 

2= 13B ;•*•**•»**«=****•***********+*»•*»***************»*******«***•»**•******»*****• 

2- 131 | 

2" 132 ; 

2' 133 11 HP Y8 X8 : 

2= 134 M MULTIPLICAND! 15-8 II =B 

2= 135 St COUHT:-8 

2> 136 II REPEAT 

2. 137 )2 IF MULT IPLI C AND! B ]= B TNEH BEGIN 

2" 138 )3 MULTIPLICAND: » HU L T I PL I C A ND / 2 

2- 139 )2 ELSE 

2- 14B 13 MULTIPLICAND! 1 5-81 : =M UL T I P L I C AH D[ 1 5-8 J + HULT I PLIER 

2» 141 13 HULT IPLICAHD: "MULT I PL ICANC2 

2> 142 )2 EHDIF 

2- 143 12 COUHT: =COUHT-l 

2- 144 11 UHTIL COUNT-B 

2* 145 11 EHD MPY8X8 

1- 146 I 

I- 147 1 

1" 148 *EJECT 



•See the application note on "Serial I/O and Math Utilities for 
the 8049 Microcomputer" in Intel's Microcontroller Applica- 
tions Handbook. 
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8x8 MULTIPLY -ASSEMBLED BY MCS-48 MACRO ASSEMBLER- 



SIS-I 1 


NCS- 


48/UPI- 


41 MACRO ASSEMBLER i 


V3.B 




IOC 


OBJ 




LINE 


SOURCE 


STATEMENT 








|g 


149 


11 MPY8X8 : 










1 ■ 


1 SB 


HPY8X8 : 








1 « 


1 5 1 


11 NULTIPLIC8H0C15-8]:>a 




BB3S 


Bfl 80 


j a 


152 


MOV 


Xfl . IBB 








1 - 


13 3 


11 COUNT ' ■ 8 






BB37 


BB88 


1 = 


1 5 4 


NOV 


COUNT. 88 








1 « 


1 53 


11 REPEAT 










1 s 


1 56 


HPY8LP : 










1 - 


157 


12 IF MULT IPLICANDI B ]"B 


THEN BEGIN 


0B39 


1243 




158 


JBB 


MPY8A 










159 


13 MULTIPLICAND: >HULTIPLlCAN0/2 


0B3B 


2A 




tea 


XCH 


A , XA 




BB3C 


97 




161 


CLR 


jj 




80 30 


6? 




182 


RRC 


A 




BB3E 


2fl 




183 


XCH 


A , XA 




Bfl 3F 


67 




184 


RRC 


A 




BB 40 


EB39 




183 


DJH7. 


COUNT. MPV8LP 


BB42 


83 




186 


RET 












167 


12 ELSE 












168 


NPV8A1 












169 


13 NULTIPLICANDI 15-81 


1 =MULTIPLICAHO( 15-8H-NULTIPLIER 


BB43 


28 




1 7fl 


XCH 


A, XA 




BB44 


61 




1 7 1 


ADO 


A. 8R1 




BB4S 


6? 




172 


RRC 


A 




BB46 


28 




173 


XCH 


A, XA 




804? 


6? 




1 74 


RRC 


A 




8048 


EB39 




1 73 


DJH7- 


COUNT, NPY8LP 


Bfl 4 A 


83 




176 


RET 












177 


13 MULTIPLICAND: MULTIPLICAND / 2 








178 


12 EHDIF 












1 79 


12 COUNT : =COUNT-l 










1 SB 


11 UNTIL COUNT 


= B 










181 


11 END HPY8X8 












182 


•EJECT 







•See the application note on "Serial I/O and Math Utilities 
for the 8049 Microcomputer" in Intel's Microcontroller 
Applications Handbook. 
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16 x 8 DIVIDE -(ASSEMBLED BY MCS-48 MACRO ASSEMBLER)* 



ISIS-II MCS-48--UPI-41 MACRO ASSEMBLER' V3 B 



LOC 


OBJ 


LINE 




SOURCE STATEMENT 






- 


183 


*INCLUDE< : Fl : DIV16 ) 






1 = 


184 


f ***••«,*«**»***•««. ***•»*••*•••« *•*«**« •••**•**•••»••••••••••••*•••«•*•**»•«*• 






1 = 


185 


1 » 


* 






1 = 


186 


; » 


PIV16 • 






1 s 


187 


; » 


* 






1* 


183 










1 > 


189 


; * 


* 






1 = 


li0 


1 * 


THIS UTILITY PROVIDES AN 16 BY 8 UNSICNED DIVIDE • 






I = 


191 


; * 


AT ENTRY: • 






1 ■ 


192 


; * 


A = LOWER EIGHT BITS OF DESTINATION OPERAND » 






!■ 


193 


; * 


XA = UPPER EIGHT BITS OF DIVIOEHD * 






1 = 


194 


; » 


Rl= POINTER TO DIVISOR IN INTERNAL MEMORY » 






1 = 


195 


J * 








1 3 


196 


; • 


'iVItttMtK SHLH :«l»10 IBS -I ^5 = 3 MM » 






1 > 


197 


; * 


A = LOWER EIGHT BITS OF RESULT • 






1 = 


198 


l» 


XA = REMAINDER • 






1 = 


199 


;» 


C ■ SET IF OVERFLOW ELSE CLEARED • 






1 * 


2BB 


;« 


• 






1 = 


2B1 








I = 


2B2 


; 








J B 


2B3 










1 £ 


204 


; 1 




BB 46 


2fl 


1< 


20 5 


0IV16: XCH A.XA I ROUT I H E WORKS MOSTLY WITH BITS 15-8 






1 = 


2B6 


; 1 


COUNT =8 


BB 4C 


BB B 8 


1 = 


2B7 




NOV COUNT. »8 






I X 


2B8 


; 1 


DIV1DENDC15-81!=DIVIDENDI15-81-DIVIS0R 


0B4E 


37 


1 = 


2B9 




CPL A 








218 




ADD A.ORi 


00 50 


37 




2 1 1 




CPL A 








2 1 2 


; 1 


IF BORROW«B THEN ft IT FITS*/ 


BB51 


F656 




213 




JC DIVIA 








2 1 4 


;2 


SET OVERFLOW FLAG 


BB 5 3 


A? 




215 




CPL C 


BB54 


B46F 




216 




JMP DIVIB 








217 


1 1 


ELSE 








218 


01 V 18 : 








219 


12 


RESTORE DIVIDEND 


305£ 


61 




22B 




ADD A.8R1 








221 


12 


REPEAT 








222 


DI V ILP: 








223 


14 


DIVIDEND :=DIVIDEND*2 








224 


14 


QUOTIENT :=QU0TIENT»2 


BB57 


97 




225 




CLR C 


3B58 


20 




226 




XCH A i XA 


BB5? 


F7 




22? 




RLC A 


B01H 


M 




228 




XCH A.XA 


00 56 


F? 




229 




RLC A 


BBSC 


E663 




230 




JNC OIVIE 


BB5E 


37 




23 1 




CPL A 


8B5F 


61 




232 




ADD A.8R1 


B06B 


37 




233 




CPL A 


00.; i 


B468 




234 




■JMP DIVIC 








235 


1 4 


DIVI0EN0(15-81i=0IVI0EHD[15-81-DIVIS0R 


B94J 


37 




236 


OIVIE: CPL fl 


BB64 


61 




237 




ADD 8.8R1 



'See the application note on "Serial I/O and Math Utilities 
for the 8049 Microcomputer" in Intel's Microcontroller 
Applications Handbook. 
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MCS-48 APPLICATION EXAMPLES 



16 x 8 DIVIDE -(ASSEMBLED BY MCS-48 MACRO ASSEMBLER)' 



1SIS-II HCS-48/UPI-41 HACRO ASSEMBLER. V3 . B 



LOC OBJ 


LINE 


SOURCE STATEMENT 




BB85 37 




238 


CPL 


A 






1 ■ 


239 ; 




IF BORROU-1 THEN 




BBtt EStB 




141 


JHC 


OIVIC 








241 ; 




RESTORE DIVIDEND 




B888 61 




242 


fiOD 


A. 8R1 




8889 B46C 




243 


JHP 


DIVIO 








244 ) 




ELSE 








243 DIVICi 












2 46 1 




OUOTIENTtB 




BB 6 B 1A 




247 


INC 


XA 








248 i 




E NO IF 








249 i 




COUNT : "COUNT- 1 








238 1 


UNTIL COUNT-8 




aatc E637 




231 DIVIO: 


OJMZ COUNT. DIVILP 








232 i 


CLEAR OVERFLOU FLAG 




BB6E 97 




233 


CLR 


C 








234 ; 


END I F 








233 1 EH00IVI0E 




BB6F 2A 




238 OIVIB: 


XCH 


A 1 XA 




BI7B 83 




237 


RET 











































•See the application note on "Serial I/O and Math Utilities 
for the 8049 Microcomputer" in Intel's Microcontroller 
Applications Handbook. 
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CHAPTER 6 
■51 ARCHITECTURE 



The major features of the 8051 are: 



• 8-bit CPU 

• on-chip oscillator 

• 4K bytes of ROM 

• 128 bytes of RAM 

• 21 Special Function Registers 

• 32 I/O lines 

• 64K address space for external Data 



: for external Program 



Memory 

• 64K addres 
Memory 

• two 16-bit timer/ counters 



• a five-source interrupt structure with two 
priority levels 

• a full duplex serial port 

• bit addressability for Boolean processing 

The term "8051" is often used generically to 
refer to the 8051, the 8031, and the 8751. The 
8031 is a ROM-less 8051; it fetches all instruc- 
tions from external memory. The 8751 is an 
8051 with EPROM instead of ROM. 

A block diagram of the 8051 is shown in 

Figure 6-1. The pin-out is on the inside of the 

front cover of this manual. 




jm™ 



VCC - 

( + 5V) 

vss 



PORT 
DRIVERS 



RAM 

128x8 



7v 



PORT 2 
DRIVERS 

S\ A 



PORT 
LATCH 



5Z 



PORT 2 
LATCH 



JL 



IE 



PROGRAM ADDR 
REGISTER 



B 

REGISTER 




TMP2 




TMP 1 



POINTER 



[I 




PSEN - 
ALE ■ 
EA— 
RST- 



TIMING 
AND 
CONTROL 



°S A 



II 



PCON 


SCON 


TMOD 


TCON 


TH0 


TLO 


TH1 


TH1 


SBUF(TX] 


SBUFlRX) 


IF 


IP 


INTERRUPT, SERIAL 




PORT. AND TIMER 




BLOCKS 





±2. 



IP 



PC 

INCREMENTER 



lo 



PROGRAM 
COUNTER 



21 



PORT 1 
LATCH 



Ll^o- J I PORT 1 I I K| PORT 3 

rV^^ DRIVERS I 1/ 1 DRIVERS 

>kJrs--mm 



c 



XL 



AN 



PORT 3 "I 



mm 



P1.0 PI. 7 



Figure 6-1. Block Diagram of the 8051 
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6.0 MEMORY ORGANIZATION 

The 8051 maintains separate address spaces 
for Program Memory and Data Memory. The 
Program Memory can be up to 64K bytes long, 
of which the lowest 4K bytes are in the on-chip 
ROM. 

If the EA pin is held high, the 8051 executes 
out of internal ROM unless the Program 
Counter exceeds OFFFH. Fetches from loca- 
tions 1000H through FFFFH are directed to 
external Program Memory. 

If the EA pin is held low, the 8051 fetches all 
instructions from external Program Memory. 



The next higher 16 bytes of the internal RAM 
(locations 20H through 2FH) have individually 
addressable bits. These are provided for use as 
software flags or for one-bit (Boolean) pro- 
cessing. This bit-addressing capability is an im- 
portant feature of the 8051. In addition to the 
128 individually addressable bits in RAM, 
eleven of the Special Function Registers also 
have individually addressable bits. 

A memory map is shown in Figure 6-2. 



6.1 SPECIAL FUNCTION 
REGISTERS 



The Special Function Registers are as follows: 



The Data Memory consists of 128 bytes of on- 
chip RAM, plus 21 Special Function Registers, 
in addition to which the device is capable of 
accessing up to 64K bytes of external data 
memory. 



The Program Memory uses 16-bit addresses. 
The external Data Memory can use either 8-bit 
or 16-bit addresses. The internal Data Memory 
uses 8-bit addresses, which provide a 
256- location address space. The lower 128 ad- 
dresses access the on-chip RAM. The Special 
Function Registers occupy various locations in 
the upper 128 bytes of the same address space. 



The lowest 32 bytes in the internal RAM (loca- 
tions 00 through 1FH) are divided into 4 banks 
of registers, each bank consisting of 8 bytes. 
Any one of these banks can be selected to be 
the "working registers" of the CPU, and can be 
accessed by a 3-bit address in the same byte as 
the opcode of an instruction. Thus, a large 
number of instructions are one-byte instruc- 
tions. 



SP 



* * ACC Accumulator 
* ' B B Register 

* PSW Program Status Word 
Stack Pointer 

Data Pointer (consisting of 
DPH AND DPL) 
P0 Port 
PI Port 1 
P2 Port 2 
P3 Port 3 
IP Interrupt Priority 
IE Interrupt Enable 
TMOD Timer/Counter Mode 
TCON Timer/Counter Control 
TH0 Timer/Counter (high byte) 
TL0 Timer/Counter (low byte) 
TH1 Timer/Counter 1 (high byte) 
Timer/Counter 1 (low byte) 
Serial Control 
SBUF Serial Data Buffer 
PCON Power Control 

The registers marked with * are both byte- and 
bit-addressable. 
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FFFF 





r 




) 


OFFF 


INTERNAL 
(EA 11 


OFFF 




0000 




0000 






V 




> 



A 



OVERLAPPED 
SPACE 



INTERNAL 
DATA RAM 



SPECIAL 
FUNCTION 
REGISTERS 



j 



PROGRAM MEMORY 



DA' 



Figure 6-2. 8051 Memory Map 



Accumulator 



ACC is the Accumulator. The mnemonics for 
accumulator-specific instructions refer to the 
accumulator simply as A, but the register itself 
is named ACC. 

B Register 

The B register is used during multiply and 
divide operations. For other instructions it can 
be treated as another scratch register. 

Stack Pointer 



reside anywhere in the 128 bytes of on-chip 
RAM. When the 8051 is reset, the stack 
pointer is initialized to 07H. When executing a 
PUSH or a CALL, the stack pointer is in- 
cremented before data is stored, so the stack 
would begin at location 08H. 

Data Pointer 

The Data Pointer (DPTR) is a 16-bit register, 
consisting of a high byte (DPH) and a low byte 
(DPL). Its intended function is to hold a 16-bit 
address. 



Ports through 3 

The Stack Pointer is 8 bits wide. The stack can These four parallel ports provide the 32 I/O 
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lines. Each port consists of a latch (Special 
Function Registers PO through P3), an output 
driver, and an input buffer. 

The output drivers of Ports and 2 and the in- 
put buffers of Port are used in accesses to ex- 
ternal memory. In this application, Port out- 
puts the low byte of the external memory ad- 
dress, time-multiplexed with the byte being 
written or read. Port 2, meanwhile, outputs 
the high byte of the external memory address. 

The output drivers and input buffers of Port 3 
are also multifunctional, as listed below: 



received data bits are transferred from the 
shift register to the receive buffer. The shift 
register is then ready to commence reception 
of a second frame, while the frame already 
received awaits servicing. 

Control and Status Registers 

Special Function Registers IP, IE, TMOD, 
TCON, SCON, and PCON contain control 
and status bits for the interrupt system, the 
timers, and the serial port. They will be fully 
described in the remaining sections of this 
chapter. 



Port Pin 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 

P3.7 



Alternate Function 
RXD (serial input port) 
TXD (serial output port) 



INTO (external interrupt) 



INTl (external interrupt) 
TO (Timer external input) 
Tl (Timer 1 external input) 

WR (external Data Memory 
write strobe) 

RD (external Data Memory 
read strobe) 



Serial Data Buffer 



The Serial Buffer is actually two separate 
registers. When data is moved to SBUF, it goes 
to the transmit buffer where it is held for serial 
transmission. (Moving a byte to SBUF is what 
initiates the transmission.) When data is 
moved from SBUF, it comes from the receive 
buffer. 

During serial reception the incoming bits are 
clocked into a separate shift register. When 
.reception of a frame is complete, and if 
various other conditions are satisfied, 8 



6.2 OSCILLATOR AND CLOCK 
CIRCUIT 

XTALl and XTAL2 are the input and output, 
respectively, of an inverting amplifier which is 
intended for use as a crystal oscillator, in the 
Pierce configuration, in the frequency range of 
1.2MHz to 12MHz. XTAL2 is also the input 
to the internal clock generator. 

To drive the chip with an external oscillator, 
one would ground XTALl and drive XTAL2. 
Since the input to the clock generator is a 
divide-by-two flip-flop, there are no re- 
quirements on the duty cycle of the external 
oscillator signal. However, minimum high and 
low times must be observed. 

The clock generator divides the oscillator fre- 
quency by 2, and provides a two-phase clock 
signal to the chip. The Phase 1 signal is active 
during the first half of each clock period, and 
the Phase 2 signal is active during the second 
half of each clock period. 
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osc. 

(XTAU, L 



S1 
PI P2 



S2 



S3 



P1 P2 P1 P2 

J u 



S4 
P1 P2 



S5 
P1 P2 

u 



S6 
P1 P2 



81 
P1 P2 



S2 
PI P2 



I 



L 



1 L 



u u u 

1 



S3 
P1 P2 



S4 
P1 P2 

u 



- READ OPCODE. 



I 



. READ NEXT OPCODE (DISCARD). 

■ READ NEXT OPCODE AGAIN. 



1 READ I 

s I l~ - 



instruction, e.g., INC A. 

I 

r READ OPCODE. 



I 



I 



READ 2ND BYTE. 



I 
I 

ir 



READ NEXT OPCODE. 



S4 S5 



(B) 2-byte, 1-cycle instruction, e.g., ADD A, #datal 



READ OPCODE. 

READ NEXT OPCODE (DISCARD). 



READ NEXT OPCODE AGAIN. - 



S6 


.SI. 


S2 


S3 


S4 


S5 


S6 



(C) 1-byte, 2-cycle instruction, e.g., INC DPTR. 



I I 

I READ OPCODE (MOVX). | READ NEXT OPCODE (DISCARD). 



READ NEXT OPCODE AGAIN. - 



.ti ot ha 







| .— NO FETCH 



I 



(D) MOVX (1-byte, 2-cycle) 



r 



DATA 



— 



ACCESS EXTERNAL MEMORY 



. . 

Figure 6-3. Fetch/Execute Sequences in the 8051 
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6.3 CPU TIMING 

A machine cycle consists of 6 states (12 
oscillator periods). Each state is divided into a 
Phase 1 half, during which the Phase 1 clock is 
active, and a Phase 2 half, during which the 
Phase 2 clock is active. Normally, arithmetic 
and logical operations take place during Phase 
1 and internal register-to-register transfers 
take place during Phase 2. 

The diagrams in Figure 6-3 show the fetch/ ex- 
ecute timing referred to the internal states and 
phases. Since these internal clock signals are 
not externally observable, the XTAL2 
oscillator signal and the ALE (Address Latch 
Enable) signal are shown for external 
reference. Thus a machine cycle consists of 12 
oscillator periods, numbered SI PI (State 1 
Phase 1) through S6P2 (State 6 Phase 2). Each 
phase lasts for one oscillator period. Each 
state lasts for two oscillator periods. ALE is 
normally activated twice during each machine 
cycle: once during S1P2 and S2P1, and again 
during S4P2 and S5P1. 

Execution of a one-cycle instruction begins at 
S1P2, when the opcode is latched into the In- 
struction Register. If it is a two-byte instruc- 
tion, the second byte is read during S4 of the 
same machine cycle. If it is a one-byte instruc- 
tion, there is still a read at S4, but the byte read 
(which would be the next opcode) is ignored, 
and the Program Counter is not incremented. 
In any case, execution is complete at the end of 
S6P2. Figures 6-3A and 6-3B show the timing 
for a 1-byte, 1 -cycle instruction and for a 
2- byte, 1 -cycle instruction. 

Most 8051 instructions execute in one cycle. 
MUL (multiply) and DIV (divide) are the only 
instructions that take more than two cycles to 
complete. They take four cycles. 



Normally, two code bytes are fetched from 
Program Memory during every machine cycle. 
The only exception to that is when a MOVX 
instruction is executed. MOVX is a 1-byte, 
2-cycle instruction that accesses external Data 
Memory. During a MOVX, two fetches are 
skipped while the external Data Memory is be- 
ing addressed and strobed. Figures 6-3C and 
6-3D show the timing for a normal 1-byte, 
2-cycle instruction and for a MOVX instruc- 
tion. 



6.4 PORT OPERATION 

All four ports in the 8051 are bidirectional. 
Ports 1, 2, and 3 have internal pull-ups. Port 
has open-drain outputs. Figure 6-4 shows a 
functional diagram of a typical bit in each of 
the four ports. 

Each I/O line can be independently used as an 
input or an output. For a line to be used as an 
input, the port latch must contain a 1, which 
turns off the output driver FET. Then, for 
Ports 1, 2, and 3, the pin is pulled high by the 
internal pull-up, but can be pulled low by an 
external source. For Port 0, a 1 in the port 
latch causes the output pin to float. All the 
port latches in the 8051 have Is written to them 
by the reset function. If a is subseqently writ- 
ten to a port latch, it can be reconfigured as an 
input if desired by writing a 1 to it. 

Because Ports 1, 2, and 3 are pulled high when 
configured as inputs, they are sometimes 
called "quasi-bidirectional" ports. As inputs 
they can be driven in a normal manner by any 
TTL or MOS circuit. Because they do have the 
internal pull-ups, however, they can also be 
driven by open-collector or open-drain outputs 
without the need for additional external pull- 
ups. 
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Port differs in not having internal pull-ups. 
The upper FET in the PO output driver (see 
Figure 6-4 A) is turned off except when the port 
is being used as an ADDR/DATA bus in ac- 
cesses to external memory. Consequently, PO 
lines that are being used as output ports have 
open-drain outputs. Writing a 1 to a PO latch 
results in both output FETs being turned off, 
so the pin floats. In that condition it can be 
used as a high-impedance input. 

Notice in Figure 6-4 that there are two ways to 
read a port: an instruction reads either the 
latch or the pin. In the 8051, some instructions 
read the latch and some read the pin. The in- 
structions that read the latch rather than the 



pin are the ones that read a value, possibly 
change it, and then rewrite it to the latch. 
These are called "read-modify-write" instruc- 
tions. The instructions listed below are read- 
modify-write instructions. When the destina- 
tion operand is a port or a port bit, these in- 
structions read the latch rather than the pin: 



ANL 
ORL 
XRL 



(logical AND, e.g., ANL 
PI, A) 

(logical OR, e.g., ORL 
P2,A) 

(logical EX-OR, e.g., 



XRL P3, A) 



ADDR/DATA 



READ 
LATCH 



WRITE 

TO 

LATCH 



READ 
PIN ' 





Q 


U P0.X 




LATCH 




CL 






J MUX 



(A) PORT BIT 



READ _ 
LATCH 



ADDR CONTROL 



WRITE 

TO - 
LATCH 



* pi INTERNAL 
1 1 PULL-UP 



READ P sJ 
PIN 



(C) PORT 2 BIT 



READ 
LATCH 



INT. BUS 




* PI INTERNAL 
PULL-UP 



"OH 



(B) PORT 1 BIT 



ALTERNATE 

OUTPUT 
FUNCTION 




jl n INTERNAL 
1 1 PULL-UP 



READ 
PIN 



ALTERNATE 

INPUT 
FUNCTION 



(D) PORT 3 BIT 



Figure 6-4. Port Latches and Buffers (*See Figure 6-5 for details of internal pullup). 
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JBC 

CPL 
INC 



DJNZ 

MOV PX.Y,C 

CLR PX.Y 
SET PX.Y 



(jump if bit = 1 and clear 
bit, e.g., JBC Pl.l, 
LABEL) 

(complement bit, e.g., 
CPL P3.0) 

(increment, e.g., INC P2) 
(decrement, e.g., DEC 
P2) 

(decrement and jump if 
not zero, e.g., DJNZ P3, 
LABEL) 

(move carry bit to bit Y 
of Port X) 

(clear bit Y of Port X) 
(set bit Y of Port X) 



must contain a 1, or else the port pin will be 
stuck at regardless of which alternate func- 
tion is trying to do what with it. The alternate 
functions that are implemented have already 
been listed, but the list is repeated here for 
convenience: 



Port Pin 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 



Alternate Function 
RXD (serial input port) 
TXD (serial output port) 



INTO (external interrupt) 



It is not obvious that the last three instructions 
in this list are read-modify-write instructions, 
but they are. What they do is read the port 
byte, all 8 bits, modify the addressed bit, then 
write the new byte back to the latch. 

The reason that read-modify-write instructions 
are directed to the latch rather than the pin is 
to avoid a possible misinterpretation of the 
voltage level at the pin. For example, a port bit 
might be used to drive the base of a transistor. 
One might write a 1 to it in order to turn the 
transistor on. If the CPU now reads the same 
port bit at the pin rather than the latch, it will 
read the base voltage of the transistor and in- 
terpret it as a 0. Reading the latch rather than 
the pin will return the correct value of 1 . It is 
to avoid this type of problem that the 8051 
directs read-modify-write instructions to the 
port latch rather than the port pin. 

It can be seen in Figure 6-4D that each line in 
Port 3 is capable of performing an alternate in- 
put function and an alternate output function, 



INT1 (external interrupt) 
TO (Timer external input) 
Tl (Timer 1 external input) 
P3.6 WR (external Data Memory 

write strobe) 
P3.7 RD (external Data Memory 

read strobe) 

4.1 Writing to a Port 



In the execution of an instruction that changes 
the value in a port latch, the new value arrives 
at the latch during S6P2 of the final cycle of 
the instruction. However, port latches are in 
fact sampled by their output buffers only dur- 
ing Phase 1 of any clock period. (During Phase 
2 the output buffer holds the value it saw dur- 
ing the previous Phase 1.) Consequently, the 
new value in the port latch won't actually ap- 
pear at the output pin until the next Phase 1, 
which will be at SI PI of the next machine 
cycle. ' $■ 



source 

not related to the port function. The bit latch no: 



If the change requires a 0-to-l transition in 
Port 1, 2, or 3, an additional pull-up is turned 
on during SI PI and S1P2 of the cycle in which 
the transition occurs. This is done to increase 
the transition speed. The extra pull-up can 

pull-up I 



urce about 100 times the current that the 
rmal pull-up can. 
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It should be noted that the internal pull-ups 
are field-effect transistors, not linear resistors. 
The pull-up arrangement is shown in Figure 
6-5. The fixed part of the pull-up is a 
depletion-mode transistor with the gate wired 
to the source. If the port pin is shorted to 
ground, this transistor will allow about 0.25 
mA (typical) to exit the pin. In parallel with 
the fixed pull-up is an enhancement-mode 
transistor which is activated during SI 
whenever the port bit does a 0-to-l transition. 
During this interval, if the port pin is shorted 
to ground, this extra transistor will allow an 
additional 30 mA (typical) to exit the pin. 

6.4.2 Port Loading 

The output buffers of Ports 1, 2, and 3 can 
drive 3 LS TTL inputs. The output buffers of 
Port can each drive 8 LS TTL inputs. 



DRESS/DATA bus, in which case it can drive 
MOS inputs without external pull-ups. 



6.5 ACCESSING EXTERNAL 
MEMORY 



Accesses to external memory are of two types: 
accesses to external Program Memory and ac- 
cesses to external Data Memory. Acce sses to 
external Program Memory use signal PSEN 
(program store enable) as the read strobe. Ac- 
cesses to external Data Memory use RD or WR 
(alternate functions of P3.7 and P3.6) to 
strobe the memory. 

Fetches from external Program Memory 
always use a 16-bit address. Accesses to exter- 
nal Data Memory can use either a 16-bit ad- 
dress (MOVX @DPTR) or an 8-bit address 
(MOVX @Ri). 



Ports 1, 2, and 3 can drive any MOS input 
without the need for external pull-ups. Port 
needs external pull-ups to drive MOS inputs, 
except when it's being used as an AD- 



Whenever a 16- bit address is used, the high 
byte of the address comes out on Port 2, where 
it is held for the duration of the read or write 
cycle. During this time the Port 2 latch (the 



. DEI 
\ 



, DELAY - 2 OSC. PERIODS 



Q 





- ENHANCEMENT MODE FET 



DEPLETION MODE FET 



PORT 
PIN 



N/vss 



Figure 6-5. Internal Pull-Ups. The enhancement mode transistor is turned 
on for 2 osc. periods whenever Q makes a 1-to-0 transition. 
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Special Function Register) does not have to 
contain Is, and the contents of the Port 2 SFR 
are not modified. If the external memory cycle 
is not immediately followed by another exter- 
nal memory cycle, the undisturbed contents of 
the Port 2 SFR will reappear shortly after the 
read or write strobe is deactivated. 

If an 8-bit address is being used (MOVX @Ri), 
the contents of the Port 2 SFR remain at the 
Port 2 pins throughout the external memory 
cycle. This will facilitate paging. 

In any case, the low byte of the address is time- 
multiplexed with the data byte on Port 0. The 
ADDR/DATA signal drives both FETs in the 
Port output buffers. Thus in this application 
the Port pins are not open-drain outputs, 
and they don't need external pull-ups. Signal 
ALE (address latch enable) should be used to 
capture the address byte into an external latch. 
The address byte is valid at the negative transi- 
tion of ALE. Then, in a write cycle, the data 
byte t o be written appears on Port just 
before WR is activated, and remains there un- 
til after WR is deactivated. In a read cycle, the 
incoming byte is accepted at Port just before 
the read strobe is deactivated. 

During any access to external memory, the 
CPU writes OFFH to the Port latch (the 
Special Function Register), thus obliterating 
whatever information the Port SFR may 
have been holding. 

MORE ABOUT ACCESSING EXTERNAL 
PROGRAM MEMORY 

External Program Memory is accessed under 
two conditions: 

1) Whenever the program counter (PC) con- 
tains a number that is larger than OFFFH; 



2) Whenever signal EA is active, regardless 
of the contents of PC. 

The 803 1 is an 805 1 that doesn't have internal 
Program Memory. EA must be externally 
wired to low on the 8031 to enable it to fetch 
the lower 4K program bytes from external 
memory. 

When the CPU is executing out of external 
Program Memory, all 8 bits of Port 2 are 
dedicated to an output function: During exter- 
nal program fetches they output the high byte 
of the PC, and during accesses to external 
Data Memory they output either DPH or the 
Port 2 SFR (depending on whether the external 
Data Memory access is a MOVX @DPTR or a 
MOVX @Ri). 

The read, strobe for external fetches is PSEN. 
PSEN is not activated for internal fetches. 
When the CPU is accessing external Program 
Memory, PSEN is activated twice every cycle 
(except during a MOVX instruction) whether 
or not the byte fetched is actually needed for 
the current instruction. When PSEN is ac- 
tivated its timing is not the same as RD. A 
complete RD cycle, including jctivation and 
deactivation of ALE and RD, takes 12 
oscillator periods. A complete PSEN cycle, in- 
cluding activation and deactivation of ALE 
and PSEN, takes 6 oscillator periods. The ex- 
ecution sequence for these two types of read 
cycles are shown in Figure 6-6 for comparison. 

OVERLAPPING PROGRAM AND DATA 
MEMORY SPACES 

In some applications it is desirable to execute a 
program from the same physical memory that 
is being used to store data. In the 805 1 the ex- 
ternal Program and Data Memory spaces can 
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- ONE MACHINE CYCLE- 
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t. PCL OUT 
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t. PCL OUT 
VALID 



t. PCL OUT 

VALID 
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PSEN 
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P2 PCH OUT 
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X 



DATA \ / PCL 



t. PCL OUT 
VALID 



f.ADDR OUT 
VALID 



i PCL OUT 



(B) 
WITH A 
MOVX. 







Figure 6-6. Executing Out of External Program Memory 
(Detailed timing diagrams are in the data sheets.) 



be combined by ANDing PSEN and RD. A 
positive-logic AND of these two signals pro- 
duces an active-low read strobe that can be 
used for the combined physical memory. Since 
the PSEN cycle is faster than the RD cycle, the 
external memory needs to be fast enough to ac- 
commodate the PSEN cycle. 

MORE ABOUT ALE 

The main function of ALE is to provide a pro- 
perly timed signal to latch the low byte of an 
address from PO to an external latch during 
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fetches from external Program Memory. For 
that purpose ALE is activated twice every 
machine cycle. This activation takes place even 
when the cycle involves no external fetch. The 
only time an ALE pulse doesn't come out is 
during an access to external Data Memory. 
The first ALE of the second cycle of a MOVX 
instruction is missing (see Figure 6-6). Conse- 
quently, in any system that does not use exter- 
nal Data Memory, ALE is activated at a con- 
stant rate of 1/6 the oscillator freqency, and 
can be used for external clocking or timing 
purposes. 
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6.6 TIMERS 



The 8051 provides two 16-bit registers, Timer 
and Timer 1, that can be used as timers or 
event counters. For each timer/counter 
register there is a control bit in Special Func- 
tion Register TMOD that selects the timer/ 
counter function to be "timer" or "counter." 

In the "timer" function the register is in- 
cremented every machine cycle. Thus one can 
think of it as counting machine cycles. Since a 
machine cycle consists of 12 oscillator periods, 
the count rate is 1/12 of the oscillator 
frequency. 

In the "counter" function the register is in- 
cremented in response to a l-to-0 transition at 
its corresponding external input pin, TO or Tl . 
In this function the external input is sampled 
during S5P2 of every machine cycle. When the 
samples show a high in one cycle and a low in 
the next cycle, the count is incremented. The 
new count value appears in the register during 
S3P1 of the cycle following the one in which 
the transition was detected. Since it takes 2 
machine cycles (24 oscillator periods) to 
recognize a l-to-0 transition, the maximum 
count rate is 1/24 of the oscillator frequency. 
There are no restrictions on the duty cycle of 
the external input signal, but to ensure that a 
given level is sampled at least once before it 
changes, it should hold for at least one full 
machine cycle. 

In addition to the "timer" or "counter" selec- 
tion, each timer/counter has four operating 
modes from which to select. These modes are 
functionally illustrated in Figure 6-7. 
Operating modes 0, 1, and 2 are the same for 
both timer/counters. Mode 3 is different. The 
four operating modes are described below. 



MODE 

Putting either Timer into mode makes it look 
like an 8048 Timer, which is an 8-bit counter 
with a divide-by-32 prescaler. Figure 6-7A 
shows the mode operation as it applies to 
Timer 1. 

In this mode the Timer register is configured as 
a 13-bit register. As the count rolls over from 
all- Is to all 0s, it sets the Timer interrupt flag 
TF1. The counted input is enabled to the 
Timer when TR1 = 1 and either GATE = or 
INT1 = 1. (Setting GATE = 1 allo ws the 
Timer to be controlled by external input INT1 , 
to facilitate pulse width measurements.) TR1 is 
a control bit in Special Function Register 
TCON. GATE is a control bit in Special Func- 
tion Register TMOD. 

The 13-bit register consists of all 8 bits of TH1 
and the lower 5 bits of TL1. The upper 3 bits 
of TL1 are indeterminate and should be ig- 
nored. Setting the run flag (TR1) does not 
clear the registers. 

Mode operation is the same for Timer as 
for Timer 1. Substitute TRO, TFO, and INTO 
for the corresponding Timer I signals in Figure 
6-7A. There are two different GATE bits, one 
for Timer 1 (TMOD. 7) and one for Timer 
(TMOD.3). 

MODE 1 

Mode 1 is the same as Mode 0, except that the 
Timer register is being run with all 16 bits. 

MODE 2 

Mode 2 configures the Timer register as an 
8-bit counter (TL1) with automatic reload. 
Overflow from TL1 not only sets TF1 but also 
reloads TL1 with the contents of TH1, which 
is preset by software to any desired one-byte 
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(A) Timer 1 Mode 0. 13-Bit Counter 
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(B) Timer 1 Mode 1. 16-Bit Counter 
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1/12 . osc 



TLO 

(8 bits) 




T 



CONTROL 



THO 
18 bits) 



- INTERRUPT 



(D) Timer Mode 3. Split Timer into two 8-Bit Counters 



Figure 6-7 (continued) 



value. The reload leaves TH1 unchanged. 



Mode 2 operation is the same for Timer 0. 



MODE 3 

If you put Timer 1 into Mode 3, 
count. The effect is the same 
TR1 = 0. 



it holds its 
ing 




If you put Timer into Mode 3, TLO and THO 
become two separate counters. The logic for 
Mode 3 on Timer is shown in Figure 6-7D. 
Note that TLO is using all of the Timer con- 
trol bits: C/T, GATE, TRO, INTO, and TFO. 
THO is locked into a timer function (counting 

machine cycles) and has taken over the use of Two Special Function Registers, TMOD and 



TR1 and TF1 from Timer 1. (Thus THO now 
controls the "Timer 1" interrupt.) 

Normally one would not put Timer into 
Mode 3 unless Timer 1 were already in use as a 
baud rate generator for the serial port. Mode 3 
is provided specifically for applications in 
which two independent timer/counters plus 
the serial port are required. One would set up 
Timer 1 as the baud rate generator (Mode 2), 
and operate Timer in Mode 3. 

6.6.1 Timer Control and Status 
Registers 
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TCON, are used to define the operating modes 
and control the functions of the timer/ 
counters. When an instruction changes the 
content of TMOD or TCON, the change is 
latched into the SFR and takes effect at S1P1 
of the next instruction's first cycle. The 
registers are shown below. 

TMOD: Timer Mode Control Register 

Bit: 7 6_ 5 4 3 2_ 1 
GATE C/T Ml MO GATE C/T Ml MO 
/ Timer 1 / / Timer / 

where Ml, MO specify the Mode, as follows: 

Ml MO Mode Description 

13-bit counter 

1 1 16-bit counter 

1 2 8-bit counter with auto 

reload 

1 1 3 split Timer into two 

8-bit counters or stop 
Timer 1 

• C/T selects "counter" or "timer" func- 

tion. Set for "counter" function 
(count negative transitions at TO or 
Tl pin). Clear for "timer" function 
(count machine cycles). 

• GATE is Gating Control. When set, 

Timer "x" is enabled only while 
INTx pin is high and TRx bit is set. 
When cleared, Timer "x" is en- 
abled whenever TRx bit is set. 

Note: All bits of TMOD are cleared by reset. 



TCON: Timer Control Register 

Bit: 7 6 5 4 3 2 1 
TF1 TR1 TFO TRO IE1 IT1 IE0 ITO 

where 

• TF1 is the Timer 1 overflow interrupt 

flag. Set by hardware when Timer 
1 overflows. Cleared by hardware 
when the processor transfers con- 
trol to the interrupt service 
routine. 

• TR1 is the Timer 1 run control bit. 

Set/cleared by software to turn 
Timer 1 on/off. 

• TFO is the Timer overflow interrupt 

flag. Set by hardware when Timer 
overflows. Cleared by hardware 
when the processor transfers con- 
trol to the interrupt service 
routine. 

• TRO is the Timer run control bit. 

Set/cleared by software to turn 
Timer on/off. 

• IE1 is the external interrupt 1 edge 

flag. If IT1 = 1, thi s bit is set by 
hardware when INT1 is detected to 
have made a l-to-0 transition. 
Cleared by hardware when the pro- 
cessor transfers control to the in- 
terrupt service routine. 

• IT1 determines whether external inter- 

rupt 1 is edge-triggered or level- 
triggered. If IT1 = 1, external in- 
terrupt 1 is edge-triggered. If IT1 
= 0, external interrupt is triggered 
by a detected low at INT1 rather 
than a 1 in IE1. 

• IE0 is the external interrupt edge 

flag. If ITO = 1, this bit is set by 
hardware when INTO is detected to 
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have made a l-to-0 transition. 
Cleared by hardware when the pro- 
cessor transfers control to the in- 
terrupt service routine. 
• ITO determines whether external inter- 
rupt is edge-triggered or level- 
triggered. If ITO = 1, external in- 
terrupt is edge-triggered. If ITO 
= 0, external interrupt is trig- 
gered by a detected low at INTO 
rather than a 1 in IEO. 

Bits IE1 through ITO have to do with the exter- 
nal interrupts, and are more fully discussed in 
the section dealing with the interrupt structure. 

Note: All bits of TCON are cleared by reset. 

6.7 SERIAL INTERFACE 

The serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a previously 
received byte has been read from the receive 
register. (However, if the first byte still hasn't 
been read by the time reception of the second 
byte is complete, one of the bytes will be lost.) 
The serial port registers are both accessed at 
Special Function Register SBUF. A write to 
SBUF loads the transmit register, and a read 
accesses a physically separate receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through 
RXD. TXD outputs the shift clock. 8 bits are 
transmitted/received: 8 data bits (LSB first). 
The baud rate is fixed at 1/12 the oscillator 
frequency. 

Mode 1: 10 bits are transmitted (through 
TXD) or received (through RXD): a start bit 



(0), 8 data bits (LSB first), and a stop bit (1). 
On receive, the stop bit goes into RB8 in 
Special Function Register SCON. The baud 
rate is variable. 

Mode 2: 11 bits are transmitted (through 
TXD) or received (through RXD): a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit, and a stop bit (1). On transmit, 
the 9th data bit (TB8) can be assigned the value 
of or 1. With nominal software overhead, 
TB8 can be made a parity bit, as shown in 
Figure 6-8. On receive, the 9th data bit goes in- 
to RB8 in Special Function Register SCON, 
and the stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 



MOV C,P 


Parity moved to carry (byte 




already in A) 


MOV TB8, C 


Put carry into Transmit 




Bit 8 


MOV SBUF, A 


Load Transmit Register 



Figure 6-8. Generating Parity and 

Initiating a Transmission 

Mode 3: 11 bits are transmitted (through 
TXD) or received (through RXD): a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit, and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except the 
baud rate. The baud rate in Mode 3 is variable. 

Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1 . This feature 
is enabled by setting bit SM2 in SCON. The 
way to use this feature in multiprocessor 
systems is as follows. 
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When the master processor wants to transmit a 
block of data to one of several slaves, it first 
sends out an address byte which identifies the 
target slave. An address byte differs from a 
data byte in that the 9th bit is 1 in an address 
byte and in a data byte. With SM2 = 1, no 
slave will be interrupted by a data byte. An ad- 
dress byte, however, will interrupt all slaves, 
so that each slave can examine the received 
byte and see if it is being addressed. The ad- 
dressed slave will clear its SM2 bit and prepare 
to receive the data bytes that will be coming. 
The slaves that weren't addressed leave their 
SM2s set and go on about their business, ig- 
noring the coming data bytes. 

SM2 should be cleared for operation in Mode 
or 1. 

6.7.1 Baud Rates 

The baud rate in Mode is fixed at 1/12 the 
oscillator frequency. The baud rate in Mode 2 
is either 1/64 or 1/32 of the oscillator 
frequency, depending on the value of bit 
SMOD in Special Function Register PCON. If 
SMOD = (which is its value on reset), the 
baud rate is 1/64 the oscillator frequency. If 
SMOD = 1, the baud rate is 1/32 of the 
oscillator frequency. 

Baud rates in Modes 1 and 3 are determined by 
the Timer 1 overflow rate, as shown below: 

Baud Rate = (Timer 1 overflow rate) /n 

where n is an integer whose value is either 32 or 
16, depending on the value of bit SMOD in 
Special Function Register PCON. If SMOD = 
(which is its value on reset), n = 32. If 
SMOD = 1, n = 16. Timer 1 can be con- 
figured in any mode. The Timer 1 overflow 



rate is determined by its count rate and how 
many counts it takes to reach overflow. 

For example, Timer 1 can be configured in the 
auto reload mode (TMOD.5 = 1, TMOD.4 = 
0). The Timer must be running (TCON.6 =1), 
and to keep the overflows from generating un- 
necessary interrupts the Timer 1 interrupt 
should be disabled (IE. 3 = 0). Then the 
overflow rate depends on the reload value in 
TH1, as follows: 

Overflow Rate = (count rate)/[256-(THl)] 

For very low baud rates one might select the 
16-bit Timer 1 mode (TMOD.5 = 0, TMOD.4 
= 1), and use the Timer 1 interrupt to do a 
software reload. In this case one would want 
to have the Timer 1 interrupt enabled 
(IE.3 =1). 

In any case, if Timer 1 is running with bit 
C/T = 0, the count rate is 1/12 the 
oscillator frequency. If the timer is running 
with C/T = 1, the count rate is the external 
input frequency, whose maximum usable 
value is 1/24 the oscillator frequency. 



Figure 6-9 lists various commonly used 
baud rates and how they can be obtained in 
the 8051. 
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Figure 6-9. Commonly Used Baud 
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6.7.2 Baud Rate Bit in PCON 

PCON is a Special Function Register (ad- 
dress = 87H) which has been added to the 
8051 to implement certain Power Control 
options in the CMOS version of the chip. In 
the HMOS chip all the bits in PCON are 
dummy except bit 7, which is SMOD. 
SMOD is used in both the HMOS and 
CMOS versions to double the baud rate in 
modes 1, 2, and 3. PCON is not bit- 
addressable. 

The reset value of SMOD is 0. Writing a 1 to 
SMOD (MOV PCON, #80H or MOV 87H, 
#80H) doubles the baud rate in modes 1,2, 
and 3. 

6.7.3 Serial Port Control Register 

Special Function Register SCON is used to 
define the operating mode and control cer- 
tain functions of the serial port. It also 
receives the 9th data bit (RB8), and con- 
tains the transmit and receive interrupt 
flags (TI and RI). The register is as shown 
below: 

SCON: Serial Port Control Register 

Bit: 7 6 5 4 3 2 1 
SMO SMI SM2 REN TB8 RB8 TI RI 

where SMO, SMI specify the serial port mode, 
as follows: 



SMO SMI Mode 















1 


1 


1 





2 


1 


1 


3 



Description Baud 
Rate 

shift register f osc /12 

8- bit UART variable 

9- bit UART f osc ./64 

or 

f osc./32 
9-bit UART variable 



• SM2 enables the multiprocessor com- 

munication feature in modes 2 and 
3. In mode 2 or 3, if SM2 is set to 1 
then RI will not be activated if the 
received 9th data bit (RB8) is 0. In 
mode 1, if SM2 = 1 then RI will 
not be activated if a valid stop bit 
was not received. In mode 0, SM2 
should be 0. 

• REN enables serial reception. Set by 

software to enable reception. Clear 
by software to disable reception. 

• TB8 is the 9th data bit that will be 

transmitted in modes 2 and 3. Set 
or clear by software as desired. 

• RB8 in modes 2 and 3, is the 9th data bit 

that was received. In mode 1, if 
SM2 = 0, RB8 is the stop bit that 
was received. In mode 0, RB8 is 
not used. 

• TI is transmit interrupt flag. Set by 

hardware at the end of the 8th bit 
time in mode 0, or at the beginning 
of the stop bit in the other modes, 
in any serial transmission. Must be 
cleared by software. 

• RI is receive interrupt flag. Set by 

hardware at the end of the 8th bit 
time in mode 0, or halfway 
through the stop bit time in the 
other modes, in any serial recep- 
tion (except see SM2). Must be 
cleared by software. 

Note: All bits of SCON are cleared by reset. 
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When an instruction changes the content of 
SCON, the change is latched into the SFR and 
takes effect at S1P1 of the next instruction's 
first cycle. However, if a serial transmission is 
already under way, the TB8 that will go out is 
the old value, not the new value. 



that the data byte is loaded into SBUF 
and SBUF are not changed if SM2 
received data to be ignored. 



RB8 

the 



6.7.5 More About Mode 



Serial Port Interrupts: When transmission of a 
serial frame is complete, flag bit TI is ac- 
tivated, which in turn activates the serial port 
interrupt. The same serial port interrupt is ac- 
tivated by flag bit RI when an incoming frame 
has been received. Thus the CPU normally 
enters the serial port interrupt service routine 
without knowing beforehand whether the in- 
terrupt was generated by TI or RI. Both flags 
are located in the Special Function Register 
SCON. Neither flag is cleared by hardware. 
The interrupt service routine must clear the 
flag that generated the interrupt, or else 
another interrupt will be generated by the same 
flag. 



6.7.4 Serial Port Data Registers 

In all serial modes a write to SBUF loads the 
same 9-bit shift register. The data byte goes in- 
to the first 8 bits, with the LSB at the output 
bit of the register. The write to SBUF also 
loads the 9th bit of the shift register with either 
a 1 or TB8, depending on the mode. And it in- 
itiates the transmission. 



The receive registers are an input shift register 
which is 8 bits wide in mode and 9 bits wide 
in the other modes, plus SBUF itself, a read- 
only register which is loaded by the hardware 
with the data byte at the same time that RI is 
activated. In the UART modes, the 9th bit is 
loaded into RB8 in SCON at the same time 



Serial data enters and exits through RXD. 
TXD outputs the shift clock. 8 bits are 
transmitted/received: 8 data bits (LSB first). 
The baud rate is fixed at 1/12 the oscillator 
frequency. 



Figure 6-10 shows a somewhat simplified func- 
tional diagram of the serial port in mode 0, 
and associated timing diagrams 



Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
"write to SBUF" signal at S6P2 also loads a 1 
into the 9th bit position of the transmit shift 
■ and tells the TX Control block to com- 
tice a transmission. The internal timing is 
such that one full machine cycle will elapse 
between "write to SBUF" and activation of 
SEND. 



SEND enables the output of the shift register 
to the alternate output function line of P3.0, 
and also enables SHIFT CLOCK to the alter- 
nate output function line of P3.1. SHIFT 
CLOCK is low during S3, S4, and S5 of every 
machine cycle, and high during S6, SI , and S2. 
At S6P2 of every machine cycle in which 
SEND is active, the contents of the transmit 
shift register are shifted to the right one posi- 
tion. 

As data bits shift out to the right, zeroes come 
in from the left. When the MSB of the data 
byte is at the output position of the shift 
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register, then the 1 that was initially loaded in- 
to the 9th position is just to the left of the 
MSB, and all positions to the left of that con- 
tain zeroes. This condition flags the TX Con- 
trol block to do one last shift and then deac- 
tivate SEND and set TI. Both of these actions 
occur at S1P1 of the 10th machine cycle after 
"write to SBUF." 

Reception is initiated by clearing RI, provided 
REN = 1 . At S6P2 of the next machine cycle 
the RX Control unit writes the bits 11111110 
to the receive shift register, and in the next 
clock phase activates RECEIVE. 

RECEIVE enables SHIFT CLOCK to the 
alternate output function line of P3.1. SHIFT 
CLOCK makes transitions at S3P1 and S6P1 
of every machine cycle. At S6P2 of every 
machine cycle in which RECEIVE is active, 
the contents of the receive shift register are 
shifted to the left one position. The value that 
comes in from the right is the value that was 
sampled at the P3.0 pin at S5P2 of the same 
machine cycle. 

As data bits come in from the right, Is shift 
out to the left. When the that was initially 
loaded into the rightmost position arrives at 
the leftmost position in the shift register, it 
flags the RX Control block to do one last shift 
and load SBUF. At SI PI of the 10th machine 
cycle after the write to SCON that cleared RI, 
RECEIVE is cleared and RI is set. 

Mode Applications: Mode was intended 
primarily for I/O expansion using CMOS or 
TTL shift registers, as shown in Figure 6-11. 

6.7.6 More About Mode 1 

Ten bits are transmitted (through TXD) or 
received (through RXD): a start bit (0), 8 data 



bits (LSB first), and a stop bit (1). On receive, 
the stop bit goes into RB8 in SCON. The baud 
rate is determined by the Timer 1 overflow 
rate. 

Figure 6-12 shows a somewhat simplified func- 
tional diagram of the serial port in Mode 1, 
and associated timing diagrams for transmit 
and receive. 

Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
"write to SBUF" signal also loads a 1 into the 
9th bit position of the transmit shift register 
and flags the TX Control unit that a transmis- 
sion is requested. Transmission actually com- 
mences at SI PI of the machine cycle following 
the next rollover in the divide-by- 16 counter. 
(Thus the bit times are synchronized to the 
divide-by- 16 counter, not to the "write to 
SBUF" signal.) 

The transmission begins with activation of 
SEND, which puts the start bit at TXD. One 
bit time later, DATA is activated, which 
enables the output bit of the transmit shift 
register to TXD. The first shift pulse occurs 
one bit time after that. 

As data bits shift out to the right, zeroes are 
clocked in from the left. When the MSB of the 
data byte is at the output position of the shift 
register, then the 1 that was initially loaded in- 
to the 9th position is just to the left of the 
MSB, and all positions to the left of that con- 
tain zeroes. This condition flags the TX Con- 
trol unit to do one last shift and then deac- 
tivate SEND and set TI. This occurs at the 
10th divide-by- 16 rollover after "write to 
SBUF." 

Reception is initiated by a detected l-to-0 tran- 
sition at RXD. For this purpose RXD is sam- 
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pled at a rate of 16 times whatever baud rate 
has been established. When a transition is 
detected, the divide-by- 16 counter is im- 
mediately reset, and 1FFH is written into the 
input shift register. Resetting the divide-by-16 
counter aligns its rollovers with the boundaries 
of the incoming bit times. 

The 16 states of the counter divide each bit 
time into 16ths. At the 7th, 8th, and 9th 
counter states of each bit time, the bit detector 
samples the value of RXD. The value accepted 
is the value that was seen in at least 2 of the 3 
samples. This is done for noise rejection. If the 
value accepted during the first bit time is not 0, 
the receive circuits are reset and the unit goes 



back to looking for another l-to-0 transition 
This is to provide rejection of false start bits. register. 
If the start bit proves valid it is shifted into the 
input shift register, and reception of the rest of 
the frame will proceed. 



6.7.7 More About Modes 2 and 3 

Eleven bits are transmitted (through TXD) or 
received (through RXD): a start bit (0), 8 data 
bits (LSB first), a programmable 9th data bit, 
and a stop bit (1). On transmit, the 9th data bit 
(TB8) can be assigned the value of or 1 . On 
receive, the 9th data bit goes into RB8 in 
SCON. The baud rate is programmable to 
either 1/32 or 1/64 the oscillator frequency in 
mode 2 and is variable in mode 3. 

Figure 6-13 shows a simplified functional 
diagram of the serial port in modes 2 and 3. 
The receive portion is exactly the same as in 
mode 1. The transmit portion differs from 
mode 1 only in the 9th bit of the transmit shift 



As data bits come in from the right, Is shift 
out to the left. When the start bit arrives at the 
leftmost position in the shift register (which in 
mode 1 is a 9-bit register), it flags the RX Con- 
trol block to do one last shift, load SBUF and 
RB8, and set RI. The signal to load SBUF and 
RB8, and to set RI, will be generated if and on- 
ly if the following conditions are met at the 
time the final shift pulse is generated: 

1) RI = 0, and 

2) Either SM2 = or the received stop bit 



Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
"write to SBUF" signal also loads TB8 into the 
9th bit position of the transmit shift register 
and flags the TX Control unit that a transmis- 
sion is requested. Transmission commences at 
SI PI of the machine cycle following the next 
rollover in the divide-by-16 counter. (Thus the 
bit times are synchronized to the divide-by-16 
counter, not to the "write to SBUF" signal.) 

The transmission begins with activation of 
SEND, which puts the start bit at TXD. One 
bit time later, DATA is activated, which 
enables the output bit of the transmit shift 
register to TXD. The first shift pulse occurs 
one bit time after that. The first shift clocks a 1 
(the stop bit) into the 9th bit position of the 
shift register. Thereafter, only zeroes are 
clocked in. 



If either of these two conditions is not met, the 
received frame is irretrievably lost. If both 
conditions are met, the stop bit goes into RB8, 
the 8 data bits go into SBUF, and RI is ac- 
tivated. At this time, whether the above condi- Thus as data bits shift out to the right, zeroes 
tions are met or not, the unit goes back to are clocked in from the left. When TB8 is at 
looking for a l-to-0 transition in RXD. the output position of the shift register, then 
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the stop bit is just to the left of TB8, and all 
positions to the left of that contain zeroes. 
This condition flags the TX Control unit to do 
one last shift and then deactivate SEND and 
set TL This occurs at the 11th divide-by-16 
rollover after "write to SBUF." 

Reception is initiated by a detected l-to-0 tran- 
sition at RXD. For this purpose RXD is sam- 
pled at a rate of 16 times whatever baud rate 
has been established. When a transition is 
detected, the divide-by-16 counter is im- 
mediately reset, and 1 FFH is written to the in- 
put shift register. 



At the 7th, 8th and 9th counter states of each 
bit time, the bit detector samples the value of 
RXD. The value accepted is the value that was 
seen in at least 2 of the 3 samples. If the value 
accepted during the first bit time is not 0, the 
receive circuits are reset and the unit goes back 
to looking for another l-to-0 transition. If the 
start bit proves valid, it is shifted into the input 
shift register, and reception of the rest of the 
frame will proceed. 

As data bits come in from the right, Is shift 
out to the left. When the start bit arrives at the 
leftmost position in the shift register (which in 
modes 2 and 3 is a 9-bit register), it flags the 
RX Control block to do one last shift, load 
SBUF and RB8, and set RI. The signal to load 
SBUF and RB8, and to set RI, will be 
generated if and only if the following condi- 
tions are met at the time the final shift pulse is 
generated: 



received frame is irretrievably lost, and RI is 
not set. If both conditions are met, the re- 
ceived 9th data bit goes into RB8, and the first 
8 data bits go into SBUF. One bit time later, 
whether the above conditions were met or not, 
the unit goes back to looking for a l-to-0 tran- 
sition at the RXD input. 

Note that the value of the received stop bit is 
irrelevant to SBUF, RB8, or RI. 



6.8 INTERRUPTS 



The 8051 provides five interrupt sources, each 
of which can be programmed to one of two 
priority levels. The five interrupt sources are 
listed below: 



Source 



INTO 



Timer 



INT1 



Timer 1 



Serial Port 



1) 
2) 



RI = 0, and 

Either SM2 = or the received 9th data 
bit = 1 

editions is not met, the 



Description 
External request from P3.2 pin 
(sampled at S5P2 of every 
machine cycle). 

Overflow from Timer ac- 
tivates interrupt request flag 
TFO. 

External request from P3.3 pin 
(sampled at S5P2 of every 
machine cycle). 

Overflow from Timer 1 ac- 
tivates interrupt request flag 
TF1. 

Completion of transmission or 
reception of one serial frame 
activates request flag TI (on 
or RI (on recep- 
tion). 



Each source can be individually enabled or 
disabled by setting or clearing a bit in Special 
Function Register IE. 
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Each source can be programmed to a high- 
priority level or a low-priority level by setting 
or clearing a bit in Register IP. A low-priority 
interrupt can itself be interrupted by a high- 
priority interrupt, but not by another low- 
priority interrupt. A high-priority interrupt 
can't be interrupted. To implement these rules, 
the Interrupt System contains two non- 
addressable "priority level active" flip-flops. 
One indicates that a high-priority interrupt is 
being serviced, and blocks all further inter- 
rupts. The other indicates that a low-priority 
interrupt is being serviced, and blocks all but 
high-priority interrupts. 

In the event that requests of the same priority 
level are received simultaneously, an internal 
polling sequence determines which request is 
serviced. Thus within each priority level there 
is a second priority structure determined by the 
polling sequence, as follows: 

Source Priority within 

Level 

External Interrupt (highest) 
Timer Overflow 
External Interrupt 1 
Timer 1 Overflow 

Serial Port (lowest) 

All the interrupt sources are examined sequen- 
tially during each cycle, such that by S6 of any 
cycle all active interrupt requests have been 
found and prioritized. Response to the active 
request of highest priority will commence with 
state 1 of the next machine cycle, provided the 
response is not blocked by any of the following 
conditions: 

1) An interrupt of equal or higher priority 
level is already in progress. 

2) The current machine cycle is not the final 



cycle in the execution of the instruction in 
progress. (In other words, no interrupt re- 
quest will be responded to until the in- 
struction in progress is completed.) 
3) The instruction in progress is RETI or an 
access to Special Function Registers IE or 
IP. (In other words an interrupt request 
will not be responded to after RETI or 
after a read or write to IE or IP until at 
least one other instruction has been ex- 
ecuted.) 

If any of the above conditions exists, the result 
of the interrupt poll is discarded. If none of 
the above conditions exists, the result of the in- 
terrupt poll is acted on with the very next 
machine cycle. 

The processor acknowledges a request by first 
setting the appropriate "priority level active" 
flip-flop. Then it executes a hardware 
subroutine call to the servicing routine. It also 
clears the flag that requested the interrupt 
(with exceptions: it doesn't clear INTO or 
INT1, since it has no control over the sources 
of these signals, and it doesn't clear TI or RI). 
The hardware subroutine call pushes the con- 
tents of the Program Counter onto the stack 
(but it does not save the PSW) and reloads the 
PC with an address that depends on the source 
of the interrupt request, as shown below: 

Source Address 

External Interrupt 0003H 

sviJ-jB Jsaypavsal bion oi ei; jj'.hOz \ttms1xs 
Timer Overflow 000BH 

External Interrupt 1 0013H 

Timer 1 Overflow 001 BH 

Serial Port 0023 H 

Execution proceeds from that address until the 
RETI instruction is encountered. 

The RETI instruction clears the "priority level 
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active" flip-flop that was set when this inter- 
rupt was acknowledged. Then it pops the top 
two bytes from the stack and reloads the Pro- 
gram Counter. Execution of the interrupted 
program commences from where it left off. 

6.8.1 More About External 
Interrupts 

The external sources can be programmed to be 
level-activated or transition-activated by set- 
ting or clearing bit IT1 or ITO in Register 
TCON. If ITx = 0, external interrupt x is trig- 
gered by a detected low at the INTx pin. If ITx 
= 1, external interrupt x is edge- triggered. In 
this mode if successive samples of the INTx 
pin show a high in one cycle and a low in the 
next cycle, interrupt request flag IEx in TCON 
is set. Flag bit IEx then requests the interrupt. 

Since the external interrupt pins are sampled 
once each machine cycle, an input high or low 
should hold for at least 12 oscillator periods to 
ensure sampling. If the external interrupt is 
transition-activated, the external source has to 
hold the request pin high for at least one cycle, 
and then hold it low for at least one cycle to 
ensure that the transition is seen so that inter- 
rupt request flag IEx will be set. IEx will be 
automatically cleared by the CPU when the 
service routine is called. 

If the external interrupt is level-activated, the 
external source has to hold the request active 
until the requested interrupt is actually 
generated. Then it has to deactivate the request 
before the interrupt service routine is com- 
pleted, or else another interrupt will be 
generated. 

6.8.2 Response Time to External 
Interrupt 



The INTO and INT1 levels are latched into an 
internal holding register at S5P2 of every 
machine cycle. The values are not actually 
polled by the circuitry until the next machine 
cycle. If a request is active and conditions are 
right for it to be acknowledged, a hardware 
subroutine call to the requested service routine 
will be the next instruction to be executed. The 
call itself takes two cycles. Thus a minimum of 
three complete machine cycles elapse between 
activation of an external interrupt request and 
the beginning of execution of the first instruc- 
tion of the service routine. 

A longer response time would result if the re- 
quest is blocked by one of the 3 previously 
listed conditions. If an interrupt of equal or 
higher priority level is already in progress, the 
additional wait time obviously depends on the 
nature of the other interrupt's service routine. 
If the instruction in progress is not in its final 
cycle, the additional wait time can't be more 
than 3 cycles, since the longest instructions 
(MUL and DIV) are only 4 cycles long. If the 
instruction in progress is RETI or an access to 
IE or IP, the additional wait time can't be 
more than 5 cycles (a maximum of one more 
cycle to complete the instruction in progress 
plus 4 cycles to complete the next instruction if 
the next instruction is MUL or DIV). 

Thus, in a single-interrupt system, the 
response time is always more than 3 cycles and 
less than 8 cycles. 

6.8.3 How to Single-Step the 8051 

One property of the 8051 Interrupt Structure 
enables single-stepping with very little soft- 
ware overhead. As previously noted, an inter- 
rupt request will not be responded to while an 
interrupt of equal priority level is still in pro- 
gress, nor will it be responded to after RETI 
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until at least one other instruction has been ex- 
ecuted. Thus, once an interrupt routine has 
been entered, it cannot be re-entered until at 
least one instruction of the interrupted pro- 
gram is executed. 

There are a number of ways that this feature 
can be used to single-step the 805 1 . One way is 
to pro gram one of the external interrupts (say, 
INTO) to be level-activated. The service 
routine for this interrupt then will terminate 
with 



JNB P3.2,$ 
JB P3.2,$ 



RET I 



;WAIT HERE TILL 
INTO GOES HIGH 
;NOW WAIT HERE 
TILL IT GOES LOW 

;GO BACK AND 
EXECUTE ONE 
INSTRUCTION. 



Now if the INTO pin, which is also the P3.2 
pin, is held normally low, the CPU will go 
right into the External Interrupt routine and 
stay there until INTO is pulsed (from low to 
high to low). Then it will execute RETI, go 
back to the task program, execute one instruc- 
tion, and immediately re-enter the External In- 
terrupt routine to await the next pulsing of 
P3.2. One step of the task program is executed 
each time P3.2 is pulsed. 

6.8.4 Interrupt Control Registers 

The Interrupt Request Flags are in two dif- 
ferent registers and two port pins, as listed 
below: 



Source 
External 



Request Flag 



Location 
INTO, if ITO = P3.2 
Interrupt IE0, if ITO = 1 TCON. 1 
Timer TFO TCON.5 
Overflow 



External INTl,ifITl = P3.3 
Interrupt 1 IEl,ifITl = l TCON.3 

Timer 1 TF1 TCON.7 

Overflow 

Serial Port TI (on transmission) SCON.l 

RI (on reception) SCON.O 

External Interrupt control bits ITO and IT1 are 
in TCON.O and TCON. 2, respectively. Reset 
leaves all flags inactive, with ITO and IT1 
cleared. 

All the interrupt flags can be set or cleared by 
software, with the same effect as by hardware. 

The Enable and Priority Control Registers are 
shown below. All of these control bits are set 
or cleared by software. All are cleared by reset. 

IE: Interrupt Enable Register 

Bit: 7 6 5 4 3 2 1 
EA X X ES ET1 EX1 ETO EXO 

where 

• EA disables all interrupts. If EA = 0, 

no interrupt will be acknowledged. 
If EA = 1, each interrupt source is 
individually enabled or disabled by 
setting or clearing its enable bit. 

• ES enables or disables the Serial Port 

interrupt. If ES = 0, the Serial 
Port interrupt is disabled. 

• ET1 enables or disables the Timer 1 

Overflow interrupt. If ET1 = 0, 
the Timer 1 interrupt is disabled. 

• EX1 enables or disables External Inter- 

rupt 1. If EX1 = 0, External Inter- 
rupt 1 is disabled, 
enables or disables the Timer 
Overflow interrupt. If ETO = 0, 
the Timer interrupt is disabled. 
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IP: Interrupt Priority Register 

Bit: 7 6 5 4 3 2 1 
X X X PS PT1 PX1 PTO PXO 

where 

• PS defines the Serial Port interrupt 

priority level. PS = 1 programs it 
to the higher priority level. 

• PT1 defines the Timer 1 interrupt 

priority level. PT1 = 1 programs it 
to the higher priority level. 

• PX1 defines the External Interrupt 1 

priority level. PX1 = 1 programs 
it to the higher priority level. 

• PTO defines the Timer interrupt 

priority level. PTO = 1 programs it 
to the higher priority level. 

• PXO defines the External Interrupt 

priority level. PXO = 1 programs 
it to the higher priority level. 



6.9 RST/VPD PIN 



The circuitry connected to the RST/VPD pin 
is shown in Figure 6-14. A Schmitt Trigger is 
used at the input to the reset circuitry for noise 
rejection. The output of the Schmitt Trigger is 
sampled by trie-reset circuitry at S5P2 of every 
machine cycle. At least two consecutive 
samples must show a high in order to effect a 
ilete reset and initialization. 



6.9.1 Reset 



Reset is accomplished by holding the RST pin 
high for at least two machine cycles (24 
oscillator periods) while the oscillator is run- 
ning. The CPU responds by executing an inter- 
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Figure 6-14. RST/VPD Circuitry 

nal re set. It also configures the ALE and 
PSEN pins as inputs. (They are quasi- 
bidirectional.) The internal reset is executed 
during the second cycle in which RST is high 
and is repeated every cycle until RST goes low. 
It leaves the internal registers as follows: 

Register Content 

PC 0000H 

A 00 H 

B 00H 

PSW 00H 

SP 07H 

DPTR 0000H 

PO - P3 OFFH 

IP (XXX00000) 

IE (0XX00000) 

TMOD 00H 

TCON 00H 

THO 00H 

TLO 00H 

TH1 00H 

TL1 00H 

SCON 00H 

SBUF Indeterminate 

PCON (OXXXXXXX) 
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The internal RAM is not affected by reset. 
When VCC is turned on, the RAM content is 
indeterminate unless VPD was applied prior to 
VCC being turned off (see Power Down 
Operation). 



POWER-ON RESET 



An automatic reset can be obtained when VCC 
is turned on by connecting the RST pin to 
VCC through a 10 j*f capacitor, providing the 
VCC risetime doesn't exceed a millisecond or 
so. A power-on reset circuit is shown in Figure 
6-15. When power comes on the current drawn 
by RST commences to charge the capacitor. 
The voltage at RST is the difference between 
VCC and the capacitor voltage, and decreases 
from VCC as the cap charges. The larger the 
capacitor is, the more slowly VRST decreases. 
VRST must remain above the lower threshold 
of the Schmitt Trigger long enough to effect a 
complete reset. The time required is the 
oscillator start-up time plus 2 machine cycles. 
If the VCC risetime is less than 1 msec and the 
oscillator start-up time doesn't exceed 10 msec, 
a 10 fif capacitor will provide a reliable power- 
on reset. 
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6.9.2 Power Down Operation 

During normal operation the internal RAM 
draws its power from VCC. However, as can 
be seen in Figure 6-14, if the voltage at 
RST/VPD exceeds VCC it becomes the source 
of power for the RAM. This allows a backup 
power supply to be used to hold RAM data in 
the event of a power failure. 

To take advantage of this feature, the user's 
system, upon detecting that a power failure is 
imminent, would interrupt the processor via 
INTO or INT1 to transfer relevant data to the 
RAM and enable the backup power supply to 
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+ 



8051 



Figure 6-15. Power-On Reset 

the RST/VPD pin before VCC falls below its 
operating limit. When power returns, VPD 
needs to stay on long enough to effect a reset 
(oscillator start-up time plus two machine 
cycles), and normal operation can resume. 

Figure 6-16 suggests one possible implementa- 
tion of the power-down feature. Assuming a 
detected imminent power failure interrupts the 
processor via INTO, the External Interrupt 
service routine transfers relevant data to the 
RAM and then writes a to P1.0. The low at 
P1.0 triggers the 555, which is configured as a 
one-shot whose output pulse width depends on 
R, C, and the presence of VCC. If VCC is still 
present when the 555 times out, it is assumed 
that the "imminent power failure" was a false 
alarm, and operation resumes from reset. If 
VCC does in fact go down before the 555 times 
out, the 555 will hold power to RST/VPD dur- 
ing the outage, and will continue to hold it 
after VCC comes back, for a time determined 
by R and C. R and C should be selected so as 
to obtain a reliable power-on reset. 

6.10 8751 

The 8751 is the EPROM version of the 8051, 
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Figure 6-16. Power Down Circuit 

that is, the on-chip Program Memory in the 
8751 can be electrically programmed, and can 
be erased by exposure to ultraviolet light. 
Erasure leaves the array in an all Is state. 

6.10.1 Erasure Characteristics 

Erasure of the 8751 Program Memory begins 
to occur when the chip is exposed to light with 
wavelengths shorter than approximately 4000 
Angstroms. Since sunlight and fluorescent 
lighting have wavelengths in this range, con- 
stant exposure to these light sources over an 
extended period of time (about 1 week in 
sunlight, or 3 years in room-level fluorescent 
lighting) could cause unintentional erasure. If 
an application subjects the 8751 to this type of 
exposure, it is suggested that an opaque label 
be placed over the window. (Suitable labels are 
available from Intel.) 

The recommended erasure procedure is expo- 
sure to ultraviolet light (at 2537 Angstroms) to 
an integrated dose of at least 15 W-sec/cm 2 - 
Exposing the 8751 to an ultraviolet lamp of 
12000 /iW/cm2 rating for 20 to 30 minutes, at 
a distance of about 1 inch, should be suffi- 
cient. 



6.10.2 Programming the EPROM 

To be programmed, the 8751 must be running 
with a 4 to 6 MHz oscillator. The address of an 
EPROM location to be programmed is applied 
to Port 1 and pins P2.0-P2.3 of Port 2, while 
the data byte is ap plied to Port 0. Pins 
P2.4-P2.6 and PSEN should be held low, and 
P2.7 and RST high. (These are TTL levels, ex- 
cept RST which requires 2.5V for a high.) EA 
is held normally at TTL high, and is pulsed to 
+ 21V. While EA is at 21V, the ALE pin, 
which is normally being held_at TTL high, is 
pulsed low for 50 msec. Then EA is returned to 
TTL high. This is illustrated in Figure 6-17. 
Detailed timing specifications are given in the 
data sheets. 



Erasure leaves the array in an all Is state. 



Note: The EA pin must not be allowed to go 
above the maximum specified VPP level of 
21.5 V, even instantaneously. Even a narrow 
glitch above that voltage level can cause per- 
manent damage. It is suggested that the VPP 
source be well regulated and free of glitches. 

6.10.3 Program Verification 

Refer to Figure 6-18 for the Program Verifica- 
tion setup for the 8751 or the 8051 . To read the 
Program Memory of either the 8751 or the 
8051, the following procedure can be used. 
The unit must be running with a 4 to 6 MHz 
oscillator. The address of a Program Memory 
location to be read is applied to Port 1 and 
pins P2.0-P2.3 of Port 2. Pins P2.4-P2.6 and 
PSEN are held low, while the ALE, RST, and 
EA pins are held high. (These are TTL levels 
except RST, which requires 2.5V for a high.) 
Port will be the data output lines. P2.7 can 
be used as a read strobe. While P2.7 is held at 
TTL high, the Port pins float. When P2.7 is 
strobed low, the contents of the addressed 
location will appear at Port 0. External pull- 
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Figure 6-17. Programming the 8751 



ups (e.g., 10K) are required on Port during 
this operation. 

6.11 8051 FAMILY PIN 
DESCRIPTION 

VSS: Circuit ground potential. 
VCC: Supply voltage during programming (of 
the 8751), verification (of the 8051 or 8751), 
and normal operation. 

Port 0: Port is an 8-bit open drain bidirec- 
tional I/O port. It is also the multiplexed low- 
order address and data bus during accesses to 
external memory (during which accesses it ac- 
tivates internal pullups). It also outputs in- 
struction bytes during program verification. 
(External pullups are required during program 
verification.) Port can sink eight LS TTL in- 
puts. 

Port 1: Port 1 is an 8-bit bidirectional I/O port 
with internal pullups. It receives the low-order 
address byte during program verification in 
the 8051 or 8751. Port 1 can sink/source three 
LS TTL inputs. It can drive MOS inputs 
without external pullups. 
Port 2: Port 2 is an 8-bit bidirectional I/O port 



with internal pullups. It emits the high-order 
address byte during accesses to external 
memory. It also receives the high-order ad- 
dress bits and control signals during program 
verification in the 8051 or 8751. Port 2 can 
sink/source three LS TTL inputs. It can drive 
MOS inputs without external pullups. 
Port 3: Port 3 is an 8-bit bidirectional I/O port 
with internal pullups. It also serves the func- 
tions of various special features of the MCS-5 1 
Family, as listed below: 



Port Pin 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 

P3.5 

P3.6 

P3.7 



Alternate Function 
RXD (serial input port) 
TXD (serial output port) 



INTO (external interrupt) 
INT1 (external interrupt) 
TO (Timer external 
input) 

Tl (Timer 1 external 
input) 

WR (external Data Memory 
write strobe) 

RD (external Data Memory 



read strobe) 
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Figure 6-18. Program Verification 



Port 3 can sink/source three LS TTL inputs. It 
can drive MOS inputs without 
pullups. 

RST/VPD: A high level on this pin for two 
machine cycles while the oscillator is running 
resets the device. An internal pulldown permits 
Power-On reset using only a capacitor con- 
nected to VCC. 

ALE/PROG: Address Latch Enable output 
for latching the low byte of the address during 
accesses to external memory. ALE is activated 
though for this purpose at a constant rate of 
1/6 the oscillator frequency even when exter- 
nal memory is not being accessed. Conse- 
quently it can be used for external clocking or 
timing purposes. (However, one ALE pulse is 
skipped during each access to external Data 
Memory.) This pin is also the program pulse 
input (PROG) durin EPROM programming. 
PSEN: Program Store Enable output is the 
read strobe to external Program Memory 
PSEN is activated twice, each machine cycle 
during fetches from external Program 
Memory. (However, when executing out of ex- 
ternal Program Memory two activations of 
PSEN are skipped during each access to exter- 



nal Data Memory.) PSEN is not activated dur- 
ing fetches from internal Program Memory. 
EA/VPP: When EA is held high the CPU ex- 
ecutes out of internal Program Memory 
(unless the Program Counter exceeds OFFFH). 
When EA is held low the CPU executes only 
out of external Program Memory. In the 8031, 
EA must be externally wired low. In the 8751, 
this pin also receives the 21V programming 
supply voltage (VPP) during EPROM pro- 
gramming. 

XTAL1: Input to the inverting amplifier that 
forms the oscillator. Should be grounded when 
an external oscillator is used. 
XTAL2: Output of the inverting amplifier that 
forms the oscillator, and input to the internal 
clock generator. Receives the external 
oscillator signal when an external oscillator is 
used. 
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CHAPTER 7 

MCS®-51 MEMORY, ORGANIZATION, ADDRESSING 
MODES AND DATA MANIPULATION 



7.0 MEMORY ORGANIZATION 

In the 8051 family the memory is organized 
over three address spaces and the program 
counter. The memory spaces shown in Figure 
6-2 (page 6-3) are the: 

• 64K-byte Program Memory address space 

• 64K-byte External Data Memory address 
space 

• 384-byte Internal Data Memory address 
space 

The 16-bit Program Counter register provides 
the 8051 with its 64K addressing capabilities. 
The Program Counter allows the user to ex- 
ecute calls and branches to any location within 
the Program Memory space. There are no in- 
structions that permit program execution to 
move from the Program Memory space to any 
of the data memory spaces. 

In the 8051 and 8751 the lower 4K of the 64K 
Program Memory address space is filled by in- 
ternal ROM and EPROM, respectively. By 
tying the EA pin high, the processor can be 
forced to fetch from the internal 
ROM/EPROM for Program Memory ad- 
dresses through 4K. Bus expansion for ac- 
cessing Program Memory beyond 4K is 
automatic since external instruction fetches oc- 
cur automatically when the Program Counter 
increases above 4095. If the EA pin is tied low 
all Program Memory fetches are from external 
memory. The execution speed of the 8051 is 
the same regardless of whether fetches are 
from internal or external Program Memory. If 



all program storage is on-chip, byte location 
4095 should be left vacant to prevent an 
undesired prefetch from external Program 
Memory address 4096. 

Certain locations in Program Memory are 
reserved for specific programs. Locations 0000 
through 0002 are reserved for the initialization 
program. Following reset, the CPU always 
begins execution at location 0000. Locations 
0003 through 0042 are reserved for the five 
interrupt-request service programs. Each 
resource that can request an interrupt requires 
that its service program be stored at its re- 
served location. 

The 64K-byte External Data Memory address 
space is automatically accessed when the 
MOVX instruction is executed. 

Functionally the Internal Data Memory is the 
most flexible of the address spaces. The Inter- 
nal Data Memory space is subdivided into a 
256-byte Internal Data RAM address space 
and a 128-byte Special Function Register ad- 
dress space as shown in Figure 7-1. 

The Internal Data RAM address space is to 
255. Four 8-Register Banks occupy locations 
through 3 1 . The stack can be located anywhere 
in the Internal Data RAM address space. In 
addition, 128 bit locations of the on-chip 
RAM are accessible through Direct Address- 
ing. These bits reside in Internal Data RAM at 
byte locations 32 through 47. Currently loca- 
tions through 127 of the Internal Data RAM 
address space are filled with on-chip RAM. 



7-1 



AFN-02174A 



MCS-51 MEMORY, ADDRESSING, DATA MANIPULATION 



The stack depth is limited only by the available 
Internal Data RAM, thanks to an 8-bit 
reloadable Stack Pointer. The stack is used for 
storing the Program Counter during 
subroutine calls and may be used for passing 
parameters. Any byte of Internal Data RAM 
or Special Function Register accessible 
through Direct Addressing can be pushed/ 
popped. 
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The Special Function Register address space is 
128 to 255. All registers except the Program 
Counter and the four 8-Register Banks reside 
here. Memory mapping the Special Function 
Registers allows them to be accessed as easily 
as internal RAM. As such, they can be 
operated on by most instructions. In addition, 
128 bit locations within the Special Function 
Register address space can be accessed using 
Direct Addressing. These bits reside in the 
Special Function Register byte locations divis- 
ible by eight. The twenty Special Function 
Registers are listed in Figure 7-2. Their map- 
ping in the Special Function Register address 
space is shown in Figures 7-3 and 7-4. 

Performing a read from a location of the In- 
ternal Data memory where neither a byte of 
Internal Data RAM (i.e., RAM addresses 
128-255) nor a Special Function Register exists 
will access data of indeterminable value, 
r 

Architecturally, each memory space is a linear 
sequence of 8-bit wide bytes. By Intel conven- 
tion the storage of multi-byte address and data 
operands in program and data memories is the 
least significant byte at the low-order address 
and the most significant byte at the high-order* 
address. Within byte X, the most significant 
bit is represented by X.7 while the least signifi- 
cant bit is X.O. Any deviation from these con- 
ventions will be explicitly stated in the text. 





Figure 7-1. Internal Data Memory 
Address Space 
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ARITHMETIC REGISTERS: 

Accumulator*, B register*, 

Program Status Word* 
POINTERS: 

Stack Pointer, Data Pointer (high & 
low) 

PARALLEL I/O PORTS: 

Port 3*, Port 2*, Port 1*, Port 0* 
INTERRUPT SYSTEM: 

Interrupt Priority Control*, 

Interrupt Enable Control* 
TIMERS: 

Timer MODe, Timer CONtrol*, Timer 1 
(high & low), Timer (high & low) 
SERIAL I/O PORT: 
Serial CONtrol*, Serial data BUFfer, 
PCON 

'Bits in these registers are bit addressable 



Figure 7-2. Special Function Registers 



7.1 OPERAND ADDRESSING 

There are five methods of addressing source 
operands. They are Register Addressing, 
Direct Addressing, Register-Indirect Address- 
ing, Immediate Addressing and Base-Register- 
plus Index-Register-Indirect Addressing. The 
first three of these methods can also be used to 
address a destination operand. Since opera- 
tions in the 8051 require (NOP only), 1, 2, 3 
or 4 operands, these five addressing methods 
are used in combinations to provide the 8051 
with its 21 addressing modes. 

Most instructions have a "destination, source" 
field that specifies the data type, addressing 
methods and operands involved. For opera- 
tions other than moves, the destination 
operand is also a source operand. For exam- 
ple, in "subtract-with-borrow A,#5" the A 
register receives the result of the value in 
register A minus 5, minus C. 
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ADDRESS BIT ADDRESS 



ACC 
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TH1 
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240 


(F0H) 


224 


(E0H) 




208 


(D0H) 




184 


(B8H) 




176 


(BOH) 




168 


(ABH) 




160 


(A0H) 




153 
152 


(99H) 
(98H) 
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Figure 7-3. Mapping of Special Function 
Registers 



Most operations involve operands that are 
located in Internal Data Memory. The selec- 
tion of the Program Memory space or External 
Data Memory space for a second operand is 
determined by the operation mnemonic unless 
it is an immediate operand. The subset of the 
Internal Data Memory being addressed is 
determined by the addressing method and ad- 
dress value. For example, the Special Function 
Registers can be accessed only through Direct 
Addressing with an address of 128-255. A sum- 
mary of the operand addressing methods is 
shown in Figure 7-5. The following paragraphs 
describe the five addressing methods. 
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7.1.1 Register Addressing 

Register Addressing permits access to the eight 
registers (R7-R0) of the selected Register Bank 
(RB). One of the four 8-Register Banks is 
selected by a two-bit field in the PSW. The 
registers may also be accessed through Direct 
Addressing and Register-Indirect Addressing, 
since the four Register Banks are mapped into 
the lowest 32 bytes of Internal Data RAM as 
shown in Figures 7-6 and 7-7. Other Internal 
Data Memory locations that are addressed as 
registers are A, B, C, AB and DPTR. 

7.1.2 Direct Addressing 

Direct Addressing provides the only means of 
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accessing the memory-mapped byte-wide 
Special Function Registers and memory 
mapped bits within the Special Function 
Registers and Internal Data RAM. Direct Ad- 
dressing of bytes may also be used to access the 
lower 128 bytes of Internal Data RAM. Direct 
Addressing of bits gains access to a 128 bit 
subset of the Internal Data RAM and 128 bit 
subset of the Special Function Registers as 
shown in Figures 7-3, 7-4, 7-6, and 7-7. 

Register-Indirect Addressing using the content 
of Rl or R0 in the selected Register Bank, or 





Register Addressing 

— R7-R0 

— A,B,C (bit), AB (two bytes), 
DPTR (double byte) 

Direct Addressing 

— Lower 128 bytes of Internal Data 
RAM 

— Special Function Registers 

— 128 bits in subset of Internal Data 
RAM address space 

— 128 bits in subset of Special 
Function Register address space 

Register-Indirect Addressing 

— Internal Data RAM [@R1, @R0, 
@SP (PUSH and POP only)] 

— Least Significant Nibbles in 
Internal Data RAM (@R1, @R0) 

— External Data Memory (@R1, 
@R0, @DPTR) 

Immediate Addressing 

— Program Memory (in-code con- 
stant) 

Base-Register- plus Index-Register- 
Indirect Addressing 

— Program Memory (@ DPTR + A, 

@ PC + A) 



Figure 7-4. Special Function Register Bit 
Address 



Figure 7-5. Operand Addressing Methods 
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Figure 7-6. RAM Bit Addresses 

using the content of the Stack Pointer (PUSH 
and POP only), addresses the Internal Data 
RAM. Register-Indirect Addressing is also 
used for accessing the External Data Memory. 
In this case, either Rl or RO in the selected 
Register Bank may be used for accessing loca- 
tions within a 256-byte block. The block 
number can be preselected by the contents of a 
port. The 16-bit Data Pointer may be used for 
accessing any location within the full 64K ex- 
ternal address space. 

7.1.3 Immediate Addressing 

Immediate Addressing allows constants which 
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Figure 7-7. Addressing Operands in 
Internal Data Memory 

are part of the instruction to be accessed from 
the Program Memory. 

7.1.4 Base-Register- plus Index- 
Register- Indirect Addressing 

Base- Register- plus Index-Register- Indirect 
Addressing simplifies accessing look-up-tables 
(LUT) resident in Program memory. A byte 
may be accessed from a LUT via an indirect 
move from a location whose address is the sum 
of a base register (the DPTR or PC) and the in- 
dex register (A). 

7.2 DATA MANIPULATION 

The 805 1 microcomputer is efficient both as an 
arithmetic processor and as a controller. In ad- 
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dition to the capabilities of its 8048 pre- 
decessor, the 8051 was enhanced with im- 
proved data transfer, logic manipulation, 
arithmetic processing, and real-time control 
capabilities. The 8051 performs operations on 
bit, nibble (4-bit), byte (8-bit) and double-byte 
(16-bit) data types. It is classified as an 8-bit 
machine since the internal ROM, RAM, 
Special Function Registers, Arithmetic/Logic 
Unit (ALU) and the external data bus are each 
8-bits wide. The double-byte data type is used 
only by. the Data Pointer and the Program 
Counter. The Data Pointer can be manipulat- 
ed as a single double-byte register (DPTR) or 
as two locations in Internal Data Memory 
(DPH & DPL). The Program Counter is 
always manipulated as a single double-byte 
register. 

7.3 BOOLEAN PROCESSOR 

Although the Boolean processor is an integral 
part of the 805 l's architecture, it may be con- 
sidered an independent bit processor since it 
has its own instruction set, its own ac- 
cumulator (the carry flag), and its own bit- 
addressable RAM and I/O. 

■ 

The bit-manipulation instructions allow the 
Direct Addressing of 128 bits within the Inter- 
nal Data RAM and 128 bits within the Special 
Function Registers. The Special Function 
Registers with an address evenly divisable by 
eight (P0, TCON, PI, SCON, P2, IEC, P3, 
IPC, PSW, A, and B) contain Direct Ad- 
dressable bits. On any addressable bit, the 
Boolean processor can perform the bit opera- 
tions of set, clear, complement, jump-if-set, 
jump-if-not-set, jump-if-set-then-clear and 
move to/from carry. Between any addressable 
bit (or its complement) and the carry flag it can 
perform the bit operation of logical and or 
logical or with the result returned to the carry 
flag. 



The bit-manipulation instructions provide op- 
timum code and speed efficiency in "bit- 
banging" applications such as the control of 
the 805 l's on-chip peripherals. The Boolean 
processor also provides a straightforward 
means of converting logic equations (like those 
used in random logic design) directly into soft- 
ware. Complex cominatorial-logic functions 
can be resolved without extensive data move- 
ment, byte masking and test-and-branch trees. 

7.4 DATA TRANSFER 
OPERATIONS 

Look-up-tables resident in Program Memory 
can be accessed by indirect moves. A byte con- 
stant can be transferred to the A register (i.e., 
accumulator) from the Program memory loca- 
tion whose address is the sum of a base register 
(the PC or DPTR) and the index register (A). 
This provides a convenient means for pro- 
gramming translation algorithms such as 
ASCII to seven segment conversions. The Pro- 
gram Memory move operations are shown 
diagrammatically in Figure 7-8. 

A byte location within a 256-byte block of Ex- 
ternal Data Memory can be accessed using Rl 
or R0 in Register-Indirect Addressing. Any 
location within the full 64K External Data 
Memory address space can be accessed 
through Register-Indirect Addressing using a 
16-bit base register (i.e., the Data Pointer). 
These moves are shown in Figure 7-9. 

The byte in-code-constant (immediate) moves 
and byte variable moves within the 8051 are 
highly orthogonal as detailed in Figure 7-10. 
When one considers that the accumulator and 
the registers in the Register Banks can be 
Direct Addressed, the two-operand data 
transfer operations allow a byte to be moved 
between any two of the RB registers, Internal 
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Data RAM, accumulator and Special Function 
Registers. Also, immediate operands can be 
moved to any of these locations. Of particular 
interest is the Direct Address to Direct Address 
move which permits the value in a port to be 
moved to the Internal Data RAM without us- 
ing any RB registers or the accumulator. The 
Data Pointer register can be loaded with a 
double-byte immediate value. Also, the 805 l's 
Boolean Processor can move any Direct Ad- 



dressed bit to or from the carry register. 

The A register can be exchanged with a register 
in the selected Register Bank, with a Register- 
Indirect Addressed byte in the Internal Data 
RAM or with a Direct Addressed byte in the 
Internal Data RAM or Special Function 
Register. The least significant nibble of the A 

register can also be exchanged with the least 

■ 




BASE-REGISTER- PLUS 
INDEX-REGISTER-INDIRECT 
@PCA 
(PROG MEM 0-64K} 



BASE-REGISTER- PLUS 
INDEX-REGISTER-INDIRECT 

(PROG MEM 



REGISTER-INDIRECT 
■ R 1 @R0 
(EXT DATA 255) 



REGISTER-INDIRECT 
@OP 
(EXT DATA 64K) 



Figure 7-8. Program Memory Move 
Operations 



Figure 7-9. External Data Memory Move 
Operations 



REGISTER 
R7-R0 




REGISTER 
DPTR 



IMMEDIATE 
« data 



EGISTER- INDIRECT 

@R1. @R0 



REGISTER-INDIRECT 



*SP IS PRE-INCREMENTED (PUSH) OR POST-DECREMENTED (POP) 



Figure 7-10. Internal Data Memory Move Operations 
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significant nibble of a Register-Indirect Ad- 
dressed byte in the Internal Data RAM. The 
exchange operation is shown in Figure 7-11. 

7.5 LOGIC OPERATIONS 

The 8051 permits the logic operations of and, 
or, and exclusive-or to be performed on the A 
register by a second operand which can be im- 
mediate value, a register in the selected 
Register Bank, a Register-Indirect Addressed 
byte of Internal Data RAM or a Direct Ad- 
dressed byte of Internal Data RAM or Special 
Function Register. In addition, these logic 
operations can be performed on a Direct Ad- 
dressed byte of the Internal Data RAM or 
Special Function Register using the A register 
as the second operand. Also, use of Immediate 
Addressing with Direct Addressing permits 
these logic operations to set, clear or comple- 
ment any bit anywhere in the Internal Data 
RAM or Special Function Registers without 
affecting the PSW, RB registers or ac- 
cumulator. When one takes into account that 
registers R7-R0 and the accumulator can be 




@ri. awo 



Figure 7-11. Internal Data Memory 
Exchange Operations 



Direct Addressed, the two-operand logic 
operations allow the destination (first 
operand) to be a byte in the Internal Data 
RAM, a Special Function Register, RB 
registers (R7-R0) or the accumulator while the 
choice of the second operand can be any of the 
aforementioned or an immediate value. The 
8051 can also perform a logical or, or a logical 
and, between the Boolean accumulator (i.e, 
the carry flag) and any bit, or its complement, 
that can be accessed through Direct Address- 
ing. The and, or, and exclusive-or logic opera- 
tions are summarized in Figure 7-12. 

In addition to the logic operations that are per- 
formed on Internal Data Memory as shown in 
Figure 7-12, there are also logic operations 
that are performed specifically on the A 
register. These are summarized in Figure 7-13. 

In addition to the and and or bit logical shown 
in Figure 7-12, there are logicals that can 
operate exclusively on a Direct Addressed bit. 




Figure 7-12. Internal Data Memory Logic 
Operations 
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These operations are listed in Figure 7-14. The 
carry flag is also addressed as a register and 
can be set, cleared or complemented with one- 
byte instructions. 

7.6 ARITHMETIC OPERATIONS 

Along with the existing 8048 arithmetic opera- 
tions of add, increment, decrement, compare- 
to-zero, decrement-and-compare- to-zero, and 
decimal-add-adjust, the 8051 implemented 
subtract-with-borrow, compare, multiply and 
divide. 

Only unsigned binary integer arithmetic is per- 
formed in the Arithmetic/Logic Unit. In the 
two-operand operations of add, add-with- 
carry and subtract-with-borrow, the A register 
is the first operand and receives the result of 
the operation. The second operand can be an 
immediate byte, a register in the selected 
Register Bank, a Register-Indirect Addressed 
byte or a Direct Addressed byte. These instruc- 
tions affect the overflow, carry, auxiliary- 
carry and parity flag in the Program Status 
Word (PSW). The carry flag facilitates non- 
signed integer and multi-precision addition 





• Clear 

• Complement 

• Rotate-Left 

• R ot ate- Le It-Through- Carry 

• Rotate-flight 

• Rotate-fllght-Through-Carry 

• Swap-Nlbblea (Rotate Lett Four) 



Figure 7-13. Internal Data Memory Logic 
Operations (Register A 
Specific) 



and subtraction and multi-precision rotation. 
Handling two's-complement-integer (signed) 
addition and subtraction can easily be accom- 
modated with software's monitoring of the 
PSW's overflow flag. The auxiliary-carry flag 
simplifies BCD arithmetic. An operation that 
has an arithmetic aspect similar to a subtract is 
the compare-and-jump-if-not-equal operation. 
This operation performs a conditional branch 
if a register in the selected Register Bank, or an 
Indirect Addressed byte of Internal Data 
RAM, does not equal an immediate value; or 
if the A register does not equal a byte in the 
Direct Addressable Internal Data RAM, or a 
Special Function Register. While the destina- 
tion operand is not updated and neither source 
operand is affected by the compare operation, 
the carry flag is. A summary of the two- 
operand add/ subtract operations is shown in 
Figure 7-15. 



' Add 

i Add-With-Carry 

• Subtract- With-Borrow 

• Compare-And-Jump-lf-Not-Equal ( ) 



DIRECT 
Data 




REGISTER-INDIRECT 
@R1. @R0 



Figure 7-15. Internal Data Memory 
Arithmetic Operations 



• Set (SETB) 

• Clear (CLR) 

• Complement (CPL) 

• Jump-lf-Bit-Set-Then-Clear-Bit (JBC) 



(SETB, 
CLR. CPL) 



Figure 7-14. Internal Data Memory Logic 
Operations (Bit-Specific) 



• Decimal-Add-Adjust 
> Jump-lf-A-ts-Zero 

• Jump-lt-A-ls-Not-Zero 



Figure 7-16. Internal Data Memory 
Arithmetic Operations 
(Register A Specific) 
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There are three arithmetic operations that 
operate exclusively on the A register. These are 
the decimal-adjust for BCD addition and the 
two test conditions shown in Figure 7-16. The 
decimal-adjust operation converts the result 
from a binary addition to two two-digit BCD 
values to yield the correct two-digit BDC 
result. During this operation the auxiliary- 
carry flag helps effect the proper adjustment. 
Conditional branches may be taken based on 
the value in the A register being zero or not 
zero. 

The 8051 simplifies the implementation of 
software counters since the increment and 
decrement operations can be performed on the 
A register, a register in the selected Register 
Bank, an Indirect Addressed byte in the Inter- 
nal Data RAM or a byte in the Direct Ad- 
dressed Internal Data RAM or Special Func- 
tion Register. The 16- bit Data Pointer can be 



• Increment (INC) 

• Decrement (DEC) 

• Decrement-And-Jump-lf-Not-Zero 
(DJNZ) 



DIRECT 
Data 

(INC. DEC. DJNZ) 



REGISTER 
DPTR 

(INC) 



REGISTER 
R7-R0 
(INC, DEC. DJNZ) 



REGISTER-INDIRECT 
@R1. @R0 
(INC, DEC) 



Figure 7-17. Internal Data Memory 
Arithmetic Operations 
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Figure 7-18. Internal Data Memory 
Arithmetic Operations 
(Register A with B Specific) 



incremented. For efficient loop control the 
decrement-and-jump-if-not-zero operation is 
provided. This operation can test a register in 
the selected Register Bank, any Special Func- 
tion Register or any byte of Internal Data 
RAM accessible through Direct Addressing 
and force a branch if it is not zero. The in- 
crement/decrement operations are summar- 
ized in Figure 7-17. 

The multiply operation multiplies the one-byte 
A register by the one-byte B register and 
returns a double-byte result (MSB in B, LSB in 
A). The divide operation divides the one-byte 
A register by the one-byte B register and 
returns a byte quotient to the A register and a 
byte remainder to the B register. These are 
shown in Figure 7-18. 
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Figure 7-19. Unconditional Branch 
Operations 
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Figure 7-20. Call Operations 
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7.7 CONTROL TRANSFER 

The 8051 has a non-paged Program Memory 
to accommodate relocatable code. The advan- 
tage of a non-paged memory is that a minor 
change to a program that causes a shift of the 
code's position in memory will not cause page 
boundary readjustments to be necessary. This 
also makes relocation possible. Relocation is 
desirable since it permits several programmers 
to write relocatable modules in various 
assembly and high-level languages which can 
later be linked together to form the machine 
object code. 

Sixteen-bit jumps and calls are provided to 
allow branching to any location in the con- 
tiguous 64K Program Memory address space 
and preempt the need for Program Memory 
bank switching. Eleven-bit jumps and calls are 
also provided to maintain compatibility with 
the 8048 and to provide an efficient jump 
within a 2K program module. Unlike the 8048, 



REGISTER 
PC 




REGISTER- INDIRECT 
@SP* 


- — Ai 



'SP is post-decremented. 



Figure 7-21. Return Operation 



• Short Jump • Jump-lf-A-Zero 

• Jump-lt-Bit-Set • Jump-ll-A-Not-Zero 

• Jump-It-Bit-Not-Set • Decrement-And-Jump-lf-Not-Zero 

• Jump-lt-Bit-Set-Then-Clear-Bil • Compare-And-Jump-lf-Not-Equal 



REGISTER 
PC 




IMMED 
• data 



Figure 7-22. Unconditional Short Branch 
and Conditional Branch 
Operations 



the 805 l's call operations do not push the Pro- 
gram Status Word (PSW) to the stack along 
with the Program Counter, since many 
subroutines written for the 8051 do not affect 
the PSW. Hence the 8051 return operations 
pop only the Program Counter. The 805 l's 
branch, call and return operations are shown 
diagrammatically in Figures 7-19, 7-20, and 
7-21, respectively. 

The 8051 also provides a method for perform- 
ing conditional and unconditional branching 
relative to the starting address of the next in- 
struction (PC - 128 to PC + 127). The bit test 
operations allow a conditional branch to be 
taken on the condition of a Direct Addressed 
bit being set or not set. The accumulator test 
operations allow a conditional branch based 
on the accumulator being zero or non-zero. 
Also provided are compare-and-jump-if-not- 
equal and decrement-and-compare-to-zero. 
These are shown in Figure 7-22. 

The register-indirect jump in the 8051 permits 
branching relative to a base register (DPTR) 
with an offset provided by the non-signed in- 
teger value in the index register (A). This ac- 
commodates N-way branching. The indirect 
jump is shown in Figure 7-23. 



REGISTER 
DPTR 




Figure 7-23. Unconditional Branch 
(Indirect) Operation 
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CHAPTER 8 
MCS®-51 INSTRUCTION SET 



8.0 WHAT THE INSTRUCTION 
SET IS 

An instruction set is a set of codes that directs 
a computer to perform its operations. The ease 
of understanding the instruction set does not 
depend upon the structure of the machine 
codes that the computer recognizes, so much 
as it depends upon the structure of the sym- 
bolic language that is used to describe the 
machine codes. 

The 805 1 assembly language needs only forty- 
two mnemonics to specify the 805 l's thirty- 
three functions. A function may have several 
mnemonics (e.g., MOV, MOVX, MOVC) 
since the function mnemonic specifies when 
the Program Memory or External Data 
Memory is used in conjunction with the Inter- 
nal Data Memory. When the function 
mnemonics are combined with unique address 
combinations specified in the "destination, 
source" field, 111 instructions are possible. 
The "destination, source" field specifies the 
data type and the combination of addressing 
methods to be used to address the destination 
and source operands. A summary of the 805 1 
instruction set is provided in Table 8-1. 

The syntax of most 8051 assembly language in- 
structions consists of a function mnemonic 
followed by a "destination, source" operand 
field. Thus "MOV @R0, Data" may be inter- 
preted as "The content of the Internal Data 
Memory location addressed by the content of 
Register receives the content of the Internal 
Data Memory location addressed by Data." In 
two operand instructions, the destination ad- 
dress also serves as the address of the first 
source. As an example of this, "ANL Data, 



#5" may be interpreted as "The content of the 
Internal Data Memory location addressed by 
Data receives the result of the operation when 
the content of the memory location specified 
by Data is and-ed with the immediate 5." 

The 805 l's instruction set is an enhancement of 
the instruction set familiar to MCS-48 users. It 
is enhanced to allow expansion of on-chip 
CPU peripherals and to optimize byte efficien- 
cy and execution speed. Efficient use of pro- 
gram memory results from an instruction set 
consisting of 49 single-byte, 45 two-byte and 
17 three-byte instructions. Most arithmetic, 
logical and branching operations can be per- 
formed using an instruction that appends 
either a short address or a long address. For 
example, Register Addressing allows a two- 
byte equivalent of the three byte Direct Ad- 
dressing instructions. Also, short branches are 
more code efficient than long branches. 64 in- 
structions execute in twelve oscillator periods, 
45 instructions execute in twenty-four 
oscillator periods, and multiply and divide 
take only forty-eight oscillator periods. The 
number of bytes in each instruction and the 
number of oscillator periods required for ex- 
ecution are listed in Table 8-1. 



8.1 ORGANIZATION OF THE 
INSTRUCTION SET 

Instructions are described here in four func- 
tional groups: 

• Data Transfer 

• Arithmetic 

• Logic 

• Control Transfer 
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The Data Transfer, Arithmetic and Logic 
groups mentioned in the preceding list are fur- 
ther subdivided into an array of codes that 
specify whether the operation is to act upon 
immediate, RB register, accumulator, SFR or 
memory locations; whether bits, nibbles, bytes 
or double-bytes are to be processed; and what 
addressing methods are to be employed. 

8.1.1 Data Transfer 

Data transfer operations are divided into three 
classes: 

• General Purpose 

• Accumulator-Specific 

• Address-Object 

None affect the flag settings except a POP or 
MOV into the PSW. 

General-Purpose Transfers 

Three general-purpose data transfer opera- 
tions are provided. These may be applied to 
most operands, though there are specific ex- 
ceptions. 

• MOV performs a bit or a byte transfer 
from the source operand to the destina- 
tion operand. 

• PUSH increments the SP register and 
then transfers a byte from the source 
operand to the stack element currently ad- 
dressed by SP. 

• POP transfers a byte operand from the 
stack element addressed by the SP register 
to the destination operand and then 
decrements SP. 

Accumulator-Specific Transfers 

Four accumulator-specific transfer operations 
are provided: 



• XCH exchanges the byte source operand 
with register A (accumulator). 

• XCHD exchanges the low-order nibble of 
the byte source operand with the low- 
order nibble of register A. 

• MOVX performs a byte move between the 
External Data Memory and the A register. 
The external address can be specified by 
the DPTR register (16-bit) or the Rl or RO 
register (8-bit). 



• MOVC performs the move of a byte 1 
the Program Memory to register A as 
follows. The operand in the A register is 
used as an index into a 256-b yte table 
pointed to by the base register (DPTR or 
PC). The byte operand accessed is 
transferred to A. MOVC is used for table- 
look-up byte translation and for accessing 
operands from code-in-line tables. 



Address-Object Transfer 



MOV DPTR,#data loads 16-bits of im- 
mediate data into a pair of destination 
registers, DPH and DPL (DHP from low- 
order address, DPL from high-order ad- 
dress). 



Logic 

performs the basi 
and byte operands. 

Single-Operand Operations 

Seven single-operand logical operations are 
provided: 

• CLR is used to set either the A register, 
the C register, or any Direct Addressed bit 
to zero (0). 
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• SETB sets either the C register or any 
Direct Addressed bit to one (1). 

• CPL either forms the one's complement 
of the operand in the A register and 
returns the result to the A register without 
affecting flags or forms the one's comple- 
ment of the C register or any Direct Ad- 
dressed bit. 

• RL, RLC, RR, RRC, SWAP. Five rotate 
operations can be performed on the A 
register; RL (rotate left), RR (rotate 
right), RLC (rotate left through C), RRC 
(rotate right through C), and SWAP 
(rotate left four). For RLC and RRC the 
C flag becomes equal to the last bit 
rotated out. SWAP rotates the A register 
left four places to exchange bits 3 through 
with bits 7 through 4. 

Two-Operand Operations 

Three two-operand logical operations are pro- 
vided: 

• ANL peforms the bitwise logical conjunc- 
tion of two source operands (for both bit 
and byte operands) and returns the result 
to the location of the first operand. 

• ORL performs the bitwise logical in- 
clusive disjunction of two source 
operands (for both bit and byte operands) 
and returns the result of the location of 
the first operand. 

• XRL performs the bitwise logical ex- 
clusive disjunction of the two source 
operands (byte operands) and returns the 
result to the location of the first operand. 

8.1.3 Arithmetic 

The 8051 provides the four basic mathematical 
operations. Only 8-bit operations using un- 
signed arithmetic are supported directly. The 



overflow flag permits the addition and sub- 
traction operation to serve for both unsigned 
and signed binary integers. A correction 
operation is also provided to allow arithmetic 
to be performed directly on packed decimal 
(BCD) representations. 

Flag Register Settings 



perties of the result of the operation. These 
flags are not affected by the increment and 
decrement instructions. A fourth flag (P) 
denotes the parity of the eight accumulator 
bits. These flag registers are located in the Pro- 
gram Status Word (PSW) register. Their bit 
assignment are shown below. A list of the in- 
structions that affect these flags is provided in 
the "8051 Instruction Set Summary" in Table 
8-1. 



^ carry"^ 



SYMBOLIC 
ADDRESS: CY 



RESERVED 



Function 



Carry Flag (also the 
C register) 

Auxiliary-Carry Flag 
Overflow Flag 
Parity Flag 
User Flag 
reserved 

Register Select MSb 

Register Select LSb 
' 



Flag 



CY: 

AC: 
OV: 
P: 
FO: 

RSI: 
RSO: 



Bit 
Location 



PSW. 7: 

PSW. 6 
PSW. 2 
PSW.O 
PSW. 5 
PSW.l 
PSW. 4 
PSW.3 



Unless otherwise stated, the instructions obey 
these rules: 
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• CY is set if the operation result in a carry 
out of (during addition) or a borrow into 
(during subtraction) the high-order bit of 
the result; otherwise CY is cleared. 

• AC is set if the operation results in a carry 
out of the low-order four bits of the result 
(during addition) or a borrow from the 
high-order bits into the low-order 4 bits 
(during subtraction); otherwise AC is 
cleared. 

• OV is set if the operation results in a carry 
into the high-order bit of the result but 
not a carry out of the high-order bit, or 
vice versa; otherwise OV is cleared. OV is 
of use to two's-complement arithmetic, 
since it becomes set when the signed result 
cannot be represented in 8 bits. 

• P is set if the module 2 sum of the eight 
bits in the accumulator is 1 (odd parity); 
otherwise P is cleared (even parity). When 
a value is written to the PSW register, the 
P bit remains unchanged, as it always 
reflects the parity of A. 

Addition 

Four addition operations are provided: 

• INC (increment) performs an addition of 
the source operand and one (1) and 
returns the result to the operand. 

• ADD performs an addition between the A 
register and the second source operand 
and returns the result to the A register. 

• ADDC (add with Carry) performs an ad- 
dition between the A register and the se- 
cond source operand; adds one (1) if the C 
flag is found previously set and returns 
the result to register A. 

• DA (decimal-add-adjust for BCD addi- 
tion) performs a correction to the sum 



which resulted from the binary addition 
of two two-digit decimal operands. The 
packed decimal sum formed by DA is 
returned to A. The carry flag is set if the 
BCD result is greater than 99; or else it is 
cleared. 

Subtraction 

Two subtraction operations are provided: 

• SUBB (subtract with borrow) performs a 
subtraction of the second source operand 
from the first operand (the accumulator), 
subtracts one (1) if the C flag is found 
previously set and returns the result to the 
A register. 

• DEC (decrement) performs a subtraction 
of one (1) from the source operand and 
returns the results to the operand. 

Multiplication 

• MUL performs an unsigned multiplica- 
tion of the A register by the B register, 
returning a double-byte result. Register A 
receives the low-order byte, B receives the 
high-order byte. OV is cleared if the top 
half of the result is zero and is set if it is 
non-zero. C is cleared. AC remains 
unaltered. 




• DIV performs an unsigned division of the 
A register by the B register and returns the 
integer quotient to register A and returns 
the fractional remainder to the B register. 
Division by zero leaves indeterminate data 
in registers A and B and sets OV, other- 
wise OV is cleared. C is cleared. AC re- 
mains unaltered. 
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8.1.4 Control Transfer 

There are three classes of control transfer 
operations: unconditional calls, returns and 
jumps; conditional jumps; and interrupts. All 
control transfer operations cause, some upon a 
specific condition, the program execution to 
continue at a non-sequential location in pro- 
gram memory. 

Unconditional Calls, Returns and Jumps 

Unconditional calls, returns and jumps 
transfer control from the current value of the 
Program Counter to the target address. Both 
direct and indirect transfers are supported. 
The three transfer operations are described 
below. 

• ACALL and LCALL push the address of 
the next instruction onto the stack (PCL 
to low-order address, PCH to high-order 
address) and then transfer control to the 
target address. Absolute Call is a 2-byte 
instruction used when the target address is 
in the current 2K page. Long Call is a 
3-byte instruction that addresses the full 
64K program space. In ACALL, im- 
mediate data (i.e. and 11 bit address field) 
is concatenated to the five most signifi- 
cant bits of the PC (which is pointing to 
the next instruction). If ACALL is in the 
last 2 bytes of a 2K page then the call will 
be made to the next page since the PC will 
have been incremented to the next instruc- 
tion prior to execution. 

• RET transfers control to the return ad- 
dress saved on the stack by a previous call 
operation and decrements the SP register 
by two (2) to adjust the SP for the popped 
address. 

• AJMP, LJMP and SJMP transfer control 
to the target operand. The operation of 
AJMP and LJMP are analogous to 



ACALL and LCALL. The SJMP (short 
jump) instruction provides for transfers 
within a 256 byte range centered about the 
starting address of the next instruction 
(-128 to +127). The PC-relative short 
jump facilitates relocatable code. 

• JMP @ A + DPTR performs a jump 
relative to the DPTR register. The 
operand in the A register is used as the 
offset (0-255) to the address in the DPTR 
register. Thus, the effective destination 
for a jump can be anywhere in the Pro- 
gram Memory space. This indirect jump is 
also useful for implementing N-way bran- 
ches. 

Conditional Jumps 

In the control transfer group, the conditional 
jumps perform a jump contingent upon a 
specific condition. The destination will be 
within a 256-byte range centered about the 
starting address of the next instruction (-128 to 
+ 127). 

• JZ performs a jump if the accumulator is 
zero. 

• JNZ performs a jump if the accumulator 
is not zero. 

• JC performs a jump if the carry flag is set. 

■ 

• JNC performs a jump if the carry flag is 
not set. 

• JB peforms a jump if the Direct Ad- 
dressed bit is set. 

• JNB performs a jump if the Direct Ad- 
dressed bit is not set. 

• JBC performs a jump if the Direct Ad- 
dressed bit is set and then clears the Direct 
Addressed bit. 
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Table 8-1 . 8051 Instruction Set Summary 



Interrupt Response Time: To finish execution of current in- 
struction, respond to the interrupt request, push the PC 
and to vector to the first instruction of the interrupt service 
program requires 38 to 81 oscillator periods (3 to Ifis @ 12 
MHz). 

INSTRUCTIONS THAT AFFECT FLAG SETTINGS' 
INSTRUCTION FLAG INSTRUCTION FLAG 



C OV AC 



ADD 

ADDC 

SUBB 

MUL 

DIV 

DA 

RRC 

RLC 

SETB C 



X 
X 
X 

o 
o 

X 
X 

f 



CLR C 
CPL C 
ANL C,bit 
ANL C,/bit 
ORL C.bit 
ORL C.bit 
MOV C.bit 
CJNE 



C OV AC 
O 

x 

X 
X 
X 
X 
X 
X 



data 

@Ri 

#data 

* 



16 



'Note that operations on SFR byte address 208 or bit ad- 
dresses 209-215 (i.e. the PSW or bits in the PSW) will also 
affect flag settings. 







Notes on instruction set and addressing modes: 
Rn —Register R7-R0 of the currently selected 

Register Bank. 

— 8-bit internal data location's address. This 
could be an Internal Data RAM location 
(0-127) or a SFR [i.e. I/O port, control 
register, status register, etc. (128-255)]. 

-8-bit internal data RAM location (0-255) ad- 
dressed indirectly through register Rl or R0. 

— 8-bit constant included in instruction. 
16-bit constant included in instruction 

addrl6 — 16-bit destination address. Used by LCALL & 
LJMP. A branch can be anywhere within the 
64K-byte Program Memory address space, 
addrll — 1 1-bit destination address. Used by ACALL & 
AJMP. The branch will be within the same 
2K-byte page of program memory as the first 
byte of the following instruction. 
Signed (two's complement) 8-bit offset byte. 
Used by SJMP and all conditional jumps. 
Range is -128 to +127 bytes relative to first 
byte of the following instruction. 
Direct Addressed bit in Internal Data RAM or 
Special Function Register. 
New operation not provided by 8048/8049. 



rel 



bit -[ 



ARITHMETIC OPERATIONS 



Mnemonic 

ADD A,Rn 



ADD A.direct 



ADD A,@Ri 



ADD A,#data 
ADDC A,Rn 
ADDC A.direct 



ADDC A,@Ri 



ADDC A,#data 
SUBB A,Rn 



Description 

Add register to 
Accumulator 
Add direct 
byte to 
Accumulator 
Add indirect 
Ram to 
Accumulator 
Add immediate 
data to 
Accumulator 
Add register to 
Accumulator 
with Carry 
Add direct 
byte to 
Accumulator 
with Carry 
Add indirect 
RAM to 
Accumulator 
with Carry 
Add immediate 
data to Acc 
with Carry 
Subtract 
register from 
Acc with 



Oscillator 
Byte Period 

E 1 12 



12 



1 



12 



12 



12 



12 

12 
12 



borrow 



ARITHMETIC OPERATIONS Cont. 




cillator 


Mnemonic 


Description 


Byte F 


eriod 


SUBB A.direct 


Subtract direct 
byte from Acc 


2 


12 




with borrow 






SUBB A,@Ri 


Subtract 


1 


12 


indirect RAM 
from Acc with 
borrow 






SUBB A,#data 


Subtract 
immediate data 
from Acc with 
borrow 


2 


12 


INC A 


Increment 
Accumulator 


t:){0 in 


12 


INC Rn 


Increment 
register 


rvh £ b 


12 


INC direct 


Increment 


2 


12 


INC @Ri 


direct byte 
Increment 
indirect RAM 




12 


DEC A 


Decrement 
Accumulator 


1 


12 


DEC Rn 


Decrement 


1 


12 




Register 


'Bi 


DEC direct 


Decrement 
direct byte 


2 


12 


DEC @Ri 


Decrement 




12 




indirect RAM 
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Table 8-1. Instruction Set Summary (continued) 



ARITHMETIC OPERATIONS Cont. 








Oscillator 


Mnemonic 


Description Byte 


Period 


INC DPTR 


Increment 1 


24 




Data Pointer 




MUL AB 


Multiply A & B 1 


48 


DIV AB 


Divide A by B 1 


48 


DA A 


Decimal 1 


12 




Adjust 






Accumulator 





LOGICAL OPERATIONS 



ORL 
ORL 
XRL 



XRL 



Mnemonic 

A,Rn 

A, direct 



ANL 
ANL 

ANL 

ANL 

ANL direct, A 
ANL direct. #data 



A,@Ri 



A,#da 



ORL 
ORL 

ORL 



A,Rn 
A, direct 



A,@Ri 
ORL A,#data 
direct, A 
direct, #data 



A,Rn 



XRL A.direct 



A,@Ri 



XRL A,#data 



Description 

AND register 
Accumulator 
AND direct 
byte to 
Accumulator 
AND indirect I 
RAM to 
Accumulator 
AND 2 
immediate data 
to 

Accumulator 
AND 2 
Accumulator 
to direct byte 
AND 3 
immediate data 
to direct byte 
OR register to 
Accumulator 
OR direct byte 
to 

Accumulator 
OR indirect 
RAM to 
Accumulator 
OR immediate 
data to 
Accumulator 
OR 

Accumulator 
to direct byte 
OR immediate 
data to direct 
byte 

Exclusive-OR 
register to 
Accumulator 
Exclusive-OR 
direct byte to 
Accumulator 
Exclusive-OR 
indirect RAM 
to 

Accumulator 
Exclusive-OR 
immediate data 
to 

Accumulator 



Oscillator 
Byte Period 

1 12 

2 



12 



,2 

12 

24 

12 
12 

12 

12 

12 

24 

12 

12 

12 

12 



LOGICAL OPERATIONS Cont. 



Oscillator 





Mnemonic 


Description 


Byte 


Period 


XRL 


direct.A 


Exclusive-OR 


2 








Accumulator 
to direct byte 


XRL 


direct, ^data 


Exclusive-OR 


3 


24 




immediate data 








to direct byte 






CLR 


A 


Clear 


1 


12 






Accumulator 






CPL 


A 


Complement 


1 


1 z 






Accumulator 






RL 


A 


Rotate 

Accumulator 
Left 


1 


12 


RLC 


A 


Rotate 


1 








Accumulator 
Left through 






RR 




the Carry 




12 


A 


Rotate 

Accumulator 
Right 


1 


RRC 


A 


Rotate 


1 


12 






Accumulator 










Right through 






the Carry 






SWAP 


A 


Swap nibbles 
within the 


1 


12 







Accumulator 
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Table 8-1 .Instruction Set Summary (continued) 



DATA TRANSFER 



Mnemonic 

MOV A,Rn 



MOV A.direct 



MOV A,@Ri 
MOV A,#data 



MOV Rn,A 

MOV Rn.direct 

MOV Rn,#data 

MOV direct, A 

MOV direct, Rn 

MOV direct.direct 

MOV direct,® Ri 

MOV direct, #data 

MOV @Ri,A 

MOV @Ri, direct 

MOV @Ri,0data 

MOV DPTR,#datal6 

MOVC A,@A + DPTR 

MOVC A,@A + PC 

MOVX A,@Ri 

MOVX A,@DPTR 



Oscillator 
Description Byte Period 

Move register 1 12 
to 

Accumulator 

Move direct 2 12 

byte to 

Accumulator 

Move indirect 1 12 

RAM to 

Accumulator 

Move 2 12 

immediate data 

to 

Accumulator 

Move 1 12 

Accumulator 

to register 

Move direct 2 24 
byte to register 
Move 2 12 

immediate data 
to register 
Move 2 12 

Accumulator 
to direct byte 

Move register 2 24 
to direct byte 

Move direct 3 24 
byte to direct 

Move indirect 2 24 

RAM to direct 

byte 

Move 3 24 



immediate data 
to direct byte 

Move I 12 

Accumulator 

to indirect 

RAM 

Move direct - 2 24 

byte to indirect 

RAM 

Move 2 12 

immediate data 
to indirect 
RAM 

Load Data 3 24 

Pointer with a 

16-bit constant 

Move Code 1 24 

byte relative to 

DPTR to Acc 

Move Code 1 24 

byte relative to 
PC and Acc 

Move External 1 24 
RAM (8-bit 
addr) to Acc 

Move External 1 24 
RAM (16-bit 
addr) to Acc 



DATA TRANSFER Cont. 

Oscillator 





Mnemonic 


Description 


Byte 


Period 


MOVX 


@Ri,A 


Move Acc to 
External RAM 
(8-bit addr) 


' 1 


24 


MOVX 


@DPTR,A 


Move Acc to 
External Ram 
(16-bit addr) 




24 


PUSH 


direct 


Push direct 


2 


24 


byte onto stack 


POP 


direct 


Pop direct byte 
from stack 


2 


24 


XCH 


A,Rn 


Exchange 
register with 
Accumulator 


1 


12 


XCH 


A, direct 


Exchange 




12 






direct byte 








with 










Accumulator 






XCH 


A,@Ri 


Exchange 
indirect RAM 




12 






with 








Accumulator 






XCHD 


A,@Ri 


Exchange low- 


12 




order Digit 
indirect RAM 
with Acc 
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Table 8-1 .Instruction Set Summary (continued) 



BOOLEAN VARIABLE MANIPULATION 












Oscillator 


Mnemonic 


Description 


Byte 


Period 


CLR 


c 


Clear Carry 


1 


12 


CLR 


bit 


Clear direct bit 


2 


12 


SETB 


C 


Set Carry 


1 


12 


SETB 


bit 


Set direct bit 


2 


12 


CPL 


C Complement 


1 12 






Carry 






CPL 


bit 


Complement 


2 


12 






direct bit 


30 DUG 2/7 01 1 


ANL 


Cbit 


AND direct bit 


2 


24 


to Carry 






ANL 


C,/bit 


AND 

complement of 
direct bit to 
Carry 




24 . 


ORL 


Cbit 


OR direct bit 
to Carry 


2 


24 


ORL 


C,/bit 


OR 


ri8 < 


24 




complement of 
direct bit to 






Carry 






MOV 


Cbit 


Move direct bit 
to Carry 


2 


12 


MOV 


bit.C 


Move Carry to 


2 


24 




nH 


direct bit 






JC 


Jump if Carry 


! 'i m 


24 






is set 






JNC 


rel 


Jump if Carry 
not set 


2 


24 


JB 


bit, rel 


Jump if direct 


jfti- 


24 


JNB 




Bit is set 






bit, rel 


Jump if direct 
Bit is Not set 


£§'f! 


'24 


JBC 


bit, rel 


Jump if direct 
Bit is set & 
clear bit 


3 


24 




PROGRAMING BRANCHING 






. 








Oscillator 


Mnemonic 


Description 


Byte 


Period 


ACALL 


addrll 


Absolute 
Subroutine 


2 


24 


LCALL 


addrl6 


Call 

Long 3 


24 






Subroutine 
Call 






RET 




Return for 
Subroutine 




24 


RET1 




Return for 


1 


24 






interrupt 














AJMP 


addrll 


Absolute Jump 


2 


24 


LJMP 


addrl6 


Long Jump 


J 


24 


SJMP 


rel 


Short Jump 
(relative addr) 


2 


24 


JMP 


@A + DPTR 


Jump indirect 
relative to the 


1 24 






DPTR 






JZ 


rel. . 


Jump if 
Accumulator is 
Zero 




24 



PROGRAM BRANCHING Cont. 














Oscillator 




Mnemonic 


Uescnption 


Byte 


Period 


JNZ 


rel 


Jump if 


2 


24 






Accumulator is 
Nor Zero 






CJNE 


A,direct,rel 


Compare direct 
byte to Acc 
and Jump if 
Not Equal 


3 


24 


CJNE A,#data,rel 


Comare 




24 




fsili'jmtni riB 


immediate to 








Acc and Jump 
if Not Equal 




CJNE 


RN,#data,rel 


Compare 


3 


24 






immediate to 








register and 








Jump if Not 










Equal 






CJNE 


@Ri,#data,rel 


Compare 
immediate to 
indirect and 
Jump if Not 
Equal 


3 


24 


DJNZ 


Rn.rel 


Decrement 


3 


24 




register and 
Jump if Not 
Zero 






DJNZ 


direct, rel 


Decrement 


3 


24 






direct byte and 










Jump if Not 
Zero 












NOP 




No Operation 


1 


12 
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• CJNE compares the first operand to the 
second operand and performs a jump if 
they are not equal. C is set if the first 
operand is less than the second operand; 
else it is cleared. Comparisons can be 
made between the A register and Direct 
Addressable bytes in the Internal Data 
Memory or between an immediate value 
and either the A register, an RB register in 
the selected Register Bank, or a Register- 
Indirect addressed byte of the Internal 
Data RAM. 

• DJNZ decrements the source operand and 
returns the result to the operand. A jump 
is performed if the result is not zero. The 
DJNZ instruction makes a RAM location 
efficient for use as a program loop 
counter by allowing the programmer to 
decrement and test the counter in a single 
instruction. The source operand of the 
DJNZ instruction may be any byte in the 
Internal Data Memory. Either Direct or 
Register Addressing may be used to ad- 
dress the source operand. 

Interrupts 

Program execution control may be transferred 
by means of internal and external interrupts. 
All interrupts perform a transfer by pushing 
the Program Counter onto the stack and then 
branching to programs located at absolute 
locations 3, 11, 19, 27 and 35 in the Program 
Memory. The programmer must push all 
registers that will be altered by his interrupt 
service program onto the stack to avoid cor- 
ruption. Only one interrupt transfer operation 
is necessary: 

• RETI transfers control in a manner iden- 
tical to RET. In addition, RETI reenables 
interrupts for the current priority level. 



See section 2.3.1 for further details on the 
operation and control of the interrupt system. 

8.2 Instruction Definitions 

The rest of this chapter defines all the instruc- 
tions and operations which the MCS-51 CPU 
can perform. There is a separate section for 
each of the 51 basic operations, ordered 
alphabetically according to the operation 
mnemonic. 

When an operation may apply to more than 
one data type (generally bit and byte data), the 
MCS-51 assembly language uses the same 
mnemonic for each, reducing the number of 
mnemonics the programmer must remember. 
The assembler determines which instruction is 
appropriate from the operands specified. 
Thus, the mnemonic "CLR" can operate on 
the eight-bit accumulator ("CLR A"), or on 
one-bit variables ("CLR FO"). The mnemonics 
ANL, ORL, CPL, and MOV can relate to 
more than one data type as well. These opera- 
tions present each data type in a separate sec- 
Each section then describes the action taken by 
the operation, the flags and registers affected, 
and shows a short example of how an instruc- 
tion might be used in a program. Next comes 
the number of bytes and machine cycles re- 
quired, the corresponding binary machine- 
language encoding, and a symbolic description 
or restatement of the function implemented. 

■ 

Note: Only the carry, auxiliary-carry, and 
overflow flags are discussed in these instruc- 
tion descriptions. Since the parity bit (PSW.O) 
is recomputed after every instruction cycle any 
instruction that alters the accumulator — 
either inherently or as a special function 
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register — could affect the parity flag. Similar- 
ly, instructions which alter directly addressed 
registers could affect the other status flags if 
the instruction is applied to the PSW. Status 
flags can also be modified by the generalized 
bit-manipulation instructions. 



Nineteen operations allow more than one ad- 
dressing mode for the source and/or destina- 
tion operand. The headings for these sections 
show the instruction format with such 
operands enclosed in angle brackets (for exam- 
ple, MOV<dest-byte> ,<src-byte>). The 

ACALL addr11 





operation description tells what modes (or 
combinations of modes) are allowed, and gives 
the assembly language notation, byte and cycle 
counts, encoding format, and a symbolic 
description for each. 

The information in this chapter is directed 
towards defining the capabilities of the 
MCS-51 architecture and hardware. For 
details on the assembly language or ASM51 
capabilities refer to the MCS-51 Macro 
Assembler User's Guide, publication number 
9800937. 







Function: 
Description: 



Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 



Absolute Call 

ACALL unconditionally calls a subroutine located at the indicated address. 
The instruction increments the PC twice to obtain the address of the following 
instruction, then pushes the 16-bit result onto the stack (low-order byte first) 
and increments the stack pointer twice. The destination address is obtained by 
successively concatenating the five high-order bits of the incremented PC, op- 
code bits 7-5, and the second byte of the instruction. The subroutine called must 
therefore start within the same 2K block of the program memory as the first 
byte of the instruction following ACALL. No flags are affected. 
Initially SP equals 07H. The label "SUBRTN" is at program memory location 
0345H. After executing the instruction, 

ACALL SUBRTN 

at location 0123H, SP will contain 09H, internal RAM locations 08H and 09H 
will contain 25H and 01 H, respectively, and the PC will contain 0345H. 

2 I :aelOY0 



alO a9 a8 1 



1 



a7 a6 a5 a4 


a3 a2 al aO 







-(PC) + 2 



ACALL 

(PQ— 

(SP)-«— (SP) + 1 
((SP))*-(PC7-0) 
(SP)-«— (SP) + 1 

«SD)-— (PC15-S) 
(PCi0-0)-« — page address 



- 
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ADD A,<src-byte> 









— 



Function: 
Description: 



Example: 



ADD A,Rn 
Bytes: 
Cycles: 



Add 

ADD adds the byte variable indicated to the accumulator, leaving the result in 
the accumulator. The carry and auxiliary-carry flags are set, respectively, if 
there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding un- 
signed integers, the carry flag indicates an overflow occurred. 

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 
7 but not bit 6; otherwise OV is cleared. When adding signed integers, OV in- 
dicates a negative number produced as the sum of two positive operands, or a 
positive sum from two negative operands. 

Four source operand addressing modes are allowed: register, direct, register- 
indirect, or immediate. 

The accumulator holds 0C3H (1100001 IB) and register holds OAAH 
(10101010B). The instruction, 

ADD A.RO 

will leave 6DH (01101101B) in the accumulator with the AC flag cleared and 
both the carry flag and OV set to 1 . 

1 
1 



10 



1 r r r 



Operation: 



ADD 



By'.". 
Cycles: 



irect 



ADD 

(A)^-(A) + (Rn) 



es - 2 



Encoding: 
Operation: 



10 



10 1 



direct address 



ADD 

(A)-*- (A) + (direct) 



■ 
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ADD A.@Ri 

Bytes: 1 
Cycles: 1 



Encoding: 



1 1 1 i 



Operation: ADD 

(AH- (A) + ((Ri)) 

ADD A,#data 
Bytes: 2 



Cycles: 1 



Encoding: 



10 



10 



Operation: ADD 

(A)-«— (A) + #data 

■ 



immediate data 



■ 
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ADDC A, <src-byte> 



Function: Add with Carry 
Description: ADDC simultaneously adds the byte variable indicated, the carry flag and the 
accumulator contents, leaving the result in the accumulator. The carry and 
auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or bit 
3, and cleared otherwise. When adding unsigned integers, the carry flag in- 
dicates an overflow occurred. 



Example: 



ADDC A,Rn 
Bytes: 
Cycles: 

Encoding: 

Operation: 



OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carryout of bit 7 
but not out of bit 6; otherwise OV is cleared. When adding signed integers, OV 
indicates a negative number produced as the sum of two positive operands or a 
positive sum from two negative operands. 

Four source operand addressing modes are allowed: register, direct, register- 
indirect, or immediate. 

The accumulator holds 0C3H (1100001 IB) and register holds OAAH 
(10101010B) with the carry flag set. The instruction, 

ADDC A,R0 

will leave 6EH (01 101 HOB) in the accumulator with AC cleared and both the 
carry flag and OV set to 1 . 



11 



1 



ADDC 

(A)^— (A) + (C) + (Rn) 



ADDC A.direct 
Bytes: 2 
Cycles: 



1 



Encoding: 
Operation: 



11 



10 1 



direct address 



ADDC 

(A)^— (A) + (C) + (direct) 
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ADDC A,@Ri 
Bytes: 1 
Cycles: 1 



Encoding: 



11 



1 1 i 



Operation: ADDC 

(A)-« — (A) + (C) + ((R0) 

ADDC A,#data 
Bytes: 2 
Cycles: 1 



Encoding: 



11 



10 



immediate data 



Operation: ADDC 

(A)-^(A) + (C) + #data 



AJMP addr11 



Function: 
Description: 



Example: 

Bytes: 
Cycles: 

Encoding: 

Operation: 



Absolute Jump 

AJMP transfers program execution to the indicated address, which is formed at 
run-time by concatenating the high-order five bits of the PC (after incrementing 
the PC twice), opcode bits 7-5, and the second byte of the instruction. The 
destination must therefore be within the same 2K block of program memory as 
the first byte of the instruction following AJMP. 

The label "JMPADR" is at program memory location 0123H. The instruction, 
AJMP JMPADR 

is at location 0345H and will load the PC with 0123H. 

2 

2 



alO a9 a8 



1 



a7 a6 a5 a4 



a3 a2 al aO 



AJMP 

(PC)-«— (PC) + 2 

(PC 10-0)-* — page address 
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ANL <dest-byte> , <src-byte> 



Function: 
Description: 



Example: 



ANL A,Rn 
Bytes: 
Cycles: 

Encoding: 

Operation: 



Logical-AND for byte variables 

ANL performs the bitwise logical-AND operation between the variables in- 
dicated and stores the results in the destination variable. No flags are affected. 

The two operands allow six addressing mode combinations. When the destina- 
tion is the accumulator, the source can use register, direct, register-indirect, or 
immediate addressing; when the destination is a direct address, the source can 
be the accumulator or immediate data. 

Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins. 

If the accumulator holds 0C3H (1100001 IB) and register holds OAAH 
(10101010B) then the instruction, 

ANL A.RO 

will leave 41H (01000001B) in the accumulator. 

When the destination is a directly addressed byte, this instruction will clear 
combinations of bits in any RAM location or hardware register. The mask byte 
determining the pattern of bits to be cleared would either be a constant con- 
tained in the instruction or a value computed in the accumulator at run-time. 
The instruction, 

ANL P1,#01110011B 



will 

1 
1 



5 7, 3, and 2 of output port 1. 



10 1 



1 r r r 
i 1 
ANL 

(A)-^(A) a (Rn) 
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ANL A,direct 

Bytes: 2 
Cycles: 1 



Encoding: 
Operation: 



10 1 



10 1 



direct address 





ANL 

(A)*- (A) a (direct) 

ANL A,@Ri 

Bytes: 1 
Cycles: 1 

, 

Encoding: |_0 t_ 

Operation: ANL 

(A)^-(A) A ((Ri)) 

ANL A,#data 

Bytes: 2 
Cycles: 1 



1 1 i 



Encoding: 



10 1 



10 



immediate data 



Operation: ANL 

(A)-^(A) a #data 

ANL direct,A 
Bytes: 2 
Cycles: 1 



Encoding: 



10 1 



10 



direct address 



Operation: ANL 

(direct)-*— (direct) a (A) 

ANL direct,#data 
Bytes: 3 
Cycles: 2 



Encoding: 



10 1 





11 



direct address 







immediate data 



Operation: ANL 

(direct) (direct) a #data 
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ANL C, <src-bit> 



Function: 
Description: 



Example: 



ANL C,bit 
Bytes: 
Cycles: 

Encoding: 

Operation: 

ANL C,/bit 
Bytes: 
Cycles: 

Encoding: 
Operation: 



Logical-AND for bit variables 

If the Boolean value of the source bit is a logical then clear the carry flag; 
otherwise leave the carry flag in its current state. A slash ("/") preceding the 
operand in the assembly language indicates that the logical complement of the 
addressed bit is used as the source value, but the source bit itself is not affected. 
No other flags are affected. 

Only direct bit addressing is allowed for the source operand. 

Set the carry flag if, and only if, P1.0= 1, ACC. 7 = 1, and OV = 0: 



MOV C.Pl.O 
ANL C.ACC.7 
ANL C,/OV 



;LOAD CARRY WITH INPUT PIN STATE 
;AND CARRY WITH ACCUM. BIT 7 
;AND WITH INVERSE OF OVERFLOW 
FLAG 



1 









1 





bit address 





ANL 
(C)^- 

2 
2 



(C) A (bit) 



10 11 







bit address 



ANL 



(C) -I (bit) 



CJNE <dest-byte>,<src-byte>, rel 



Function: Compare and Jump if Not Equal. 
Description: CJNE compares the magnitudes of the first two operands, and branches if their 
values are not equal. The branch destination is computed by adding the signed 
relative-displacement in the last instruction byte to the PC, after incrementing 
the PC to the start of the next instruction. The carry flag is set if the unsigned 
integer value of <dest-byte> is less than the unsigned integer value of <src-byte>; 
otherwise, the carry is cleared. Neither operand is affected. 
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The first two operands allow four addressing mode combinations: the ac- 
cumulator may be compared with any directly addressed byte or immediate 
data, and any indirect RAM location or working register can be compared with 
an immediate constant. 

Example: The accumulator contains 34H. Register 7 contains 56H. The first instruction in 
the sequence, 



CJNE R7,#60H, NOT EQ 



NOT EQ: JC REQ LOW 



R7 = 60H. 
IF R7 < 60H. 
R7>60H. 



sets the carry flag and branches to the instruction at label NOT EQ. By testing 

the carry flag, this instruction determines whether R7 is greater or less than 



60H. 



If the data being presented to port 1 is also 34H, then the instruction, 



clears the carry flag and continues with the next instruction in sequence, since 
the accumulator does equal the data read from PI. (If some other value was be- 
ing input on PI, the program will loop at this point until the PI data changes to 
34H.) 

CJNE A.direct.rel 
Bytes: 3 
Cycles: 2 



Encoding: 
Operation: 



10 11 



10 1 



direct address 



rel. address 



CJNE 
(PC)-«— (PC) + 3 
IF (direct) < (A) 



■ 



THEN (PC)-.— (PC) + rel and (C)-^-O 
OR 

IF (direct) < (A) 

THEN (PC)^(PQ + rel and (C)-^— 1 
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CJNE A,#data,rel 
Bytes: 3 
Cycles: 2 



Encoding: 



10 11 



10 



immediate data 



rel. address 



Operation: CJNE 

(PQ*. (PC) + 3 

IF #data < (A) 

THEN (PC)-*- (PC) + rel and (C)-«— 
OR 

IF #data > (A) 

THEN (PC)-« — (PC) + rel and (C)-«— 1 

CJNE Rn,#data,rel 
Bytes: 3 
Cycles: 2 



Encoding: 



10 11 



1 r r r 



immediate data 



rel. address 



Operation: CJNE 

(PC) - (PC) + 3 

IF #data < (Rn) 

THEN (PC)-^-(PC) + rel and (C)-«— 
OR 

IF #data > (Rn) 

THEN (PC)-«— (PC) + rel and (C)-«— 1 

CJNE @Ri,#data,rel 



Bytes: 



3 



Cycles: 2 
Encoding: 



10 11 



1 1 i 



immediate data 



rel. address 



Operation: CJNE 

(PC)-« — (PC) + 3 
IF #data < ((Ri)) 

THEN (PC)-«— (PC) + rel and (C)-«— 1 
OR 

IF #data > ((Ri)) 

THEN (PC)^(PC) + rel and (C)-«— 
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CLR A 



Function: 
Description: 
Example: 


Clear Accumulator 

The accumulator is cleared (all bits set to zero). No flags are affected. 
The accumulator contains 5CH (01011100B). The instruction, 


Bytes: 
Cycles: 


CLR A 

will leave the accumulator set to 00H (00000000B). 

1 

1 

■ < ■■■ . 


Encoding: 


1110 


10 




Operation: 


CLR 
(A)^— 






CLR bit 









Function: Clear bit 

Description: The indicated bit is cleared (reset to zero). No other flags are affected. CLR can 
operate on the carry flag or any directly addressable bit. 
Example: Port 1 has previously been written with 5DH (01011101B). The instruction, 

CLR PI. 2 

will leave the port set to 59H (01011001B). 

CLR C 

Bytes: 1 
Cycles: 1 



Encoding: 



110 



11 



Operation: CLR 

(Q— 

CLR bit 

Bytes: 2 
Cycles: 1 



Encoding: 



110 



10 



bit 



Operation: CLR 

(bit)- — 
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CPL 



Function: 
Description: 

Example: 

Bytes: 
Cycles: 

Encoding: 

Operation: 



Complement Accumulator 

Each bit of the accumulator is logically complemented (one's complement). Bits 
which previously contained a one are changed to zero and vice-versa. No flags 
are affected. 

The accumulator contains 5CH (01011100B). The instruction, 
CPL A 

will leave the accumulator set to 0A3H (1010001 IB). 

1 

1 



1111 



10 



CPL 

(A)— n (A) 



CPL 



bit 







Function: 
Description: 



Example: 



CPL C 

Bytes: 
Cycles: 

Encoding: 

Operation: 



Complement bit 

The bit variable specified is complemented. A bit which had been a one is 
changed to zero and vice-versa. No other flags are affected. CLR can operate 
on the carry or any directly addressable bit. 

Note: When this instruction is used to modify an output pin, the value used as 
the original data will be read from the output data latch, not the input pin. 
Port 1 has previously been written with 5BH (01011101B). The instruction se- 
quence, 

CPL Pl.l 
CPL P1.2 



will leave the port set to 5BH (0101 101 IB). 



10 110 11 



CPL 

(C)^-l(C) 
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CPL bit 

Bytes: 2 
Cycles: 1 





Encoding: 



10 11 



10 



bit address 



Operation: CPL 

(bit)-«-n (bit) 

■ 



DA A 



Function: Decimal-adjust Accumulator for Addition 
Description: DA A adjusts the eight-bit value in the accumulator resulting from the earlier 
addition of two variables (each in packed-BCD format), producing two four-bit 
digits. Any ADD or ADDC instruction may have been used to perform the ad- 
dition. 

If accumulator bits 3-0 are greater than nine (xxxxlOlO-xxxxl 1 1 1), or if the AC 
flag is one, six is added to the accumulator producing the proper BCD digit in 
the low-order nibble. This internal addition would set the carry flag if a carry- 
out of the low-order four-bit field propagated through all high-order bits, but it 
would not clear the carry flag otherwise. 

If the carry flag is now set, or if the four high-order bits now exceed nine 
(lOlOxxxx-llllxxxx), these high-order bits are incremented by six, producing 
the proper BCD digit in the high-order nibble. Again, this would set the carry 
flag if there was a carry-out of the high-order bits, but wouldn't clear the carry. 
The carry flag thus indicates if the sum of the original two BCD variables is 
greater than 100, allowing multiple precision decimal addition. OV is not af- 
fected. 

All of this occurs during the one instruction cycle. Essentially, this instruction 
performs the decimal conversion by adding 0OH, 06H, 60H, or 66H to the ac- 
cumulator, depending on initial accumulator and PSW conditions. 

Note: DA A cannot simply convert a hexadecimal number in the accumulator 
to BCD notation, nor does DA A apply to decimal subtraction. 
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Example: The accumulator holds the value 56H (010101 10B) representing the packed 
BCD digits of the decimal number 56. Register 3 contains the value 67H 
(01 1001 1 IB) representing the packed BCD digits of the decimal number 67. The 
carry flag is set. The instruction sequence, 



ADDC 
DA 



A,R3 
A 



will first perform a standard twos-complement binary addition, resulting in the 
value 0BEH (101 1 1 1 10) in the accumulator. The carry and auxiliary carry flags 
will be cleared. 



The Decimal Adjust instruction will then alter the accumulator to the value 24H 
(00100100B), indicating the packed BCD digits of the decimal number 24, the 
low-order two digits of the decimal sum of 56, 67, and the carry-in. The carry 
flag will be set by the Decimal Adjust instruction, indicating that a decimal 
overflow occurred. The true sum 56, 67, and 1 is 124. 

BCD variables can be incremented or decremented by adding 01H or 99H. If 
the accumulator initially holds 30H (representing the digits of 30 decimal), then 
the instruction sequence, 



ADD 
DA 



A,#99H 
A 



Bytes: 
Cycles: 

Encoding: 

Operation: 



will leave the carry set and 29H in the accumulator, since 30 -I- 99 = 129. The 
low-order byte of the sum can be interpreted to mean 30 - 1 = 29. 



110 1 



10 



DA 

-contents of Accumulator are BCD 
IF [[(A 3 -0) > 9] v [(AC) = 1]] 
THEN (A3-0)*— (A3-0) + 6 
AND 

IF [[(A7-4) >9] v [(C) = 1]] 

THEN (A7-4)*- (A7-4) + 6 



8-24 



AFN-02174A 



MCS-51 INSTRUCTION SET 



DEC byte 

Function: 
Description: 



Example: 



Decrement 

The variable indicated is decremented by 1. An original value of 00H will 
underflow to OFFH. No flags are affected. Four operand addressing modes are 
allowed: accumulator, register, direct, or register-indirect. 

Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins. 

Register contains 7FH (01 11111 IB). Internal RAM locations 7EH and 7FH 
contain 00H and 40H, respectively. The instruction sequence, 

DEC @R0 
DEC R0 
DEC @R0 

will leave register set to 7EH and internal RAM locations 7EH and 7FH set to 
OFFH and 3FH. 



DEC A 

Bytes: 
Cycles: 



Encoding: 1 1 



Operation: DEC 



(A)-« — (A) - 1 



DEC Rn 

Bytes: 1 
Cycles- 1 



Encoding: 



1 



1 r r r 



Operation: DEC 

(Rn)-«— (Rn) - 1 



- 



ilboofiS 
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DEC direct 
Bytes: 
Cycles: 

Encoding: 

Operation: 

DEC @Ri 
Bytes: 
Cycles: 

Encoding: 

Operation: 

DIV AB 



1 



10 1 



direct address 

' ' 



DEC 

(direct)..— (direct) - 1 



1 



1 1 i 



DEC 

«Ri))^-«Ri)) - 1 



Function: Divide 

Description: DIV AB divides the unsigned eight-bit integer in the accumulator by the un- 
signed eight-bit integer in register B. The accumulator receives the integer part 
of the quotient; register B receives the integer remainder. The carry and OV 
flags will be cleared. 



Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 



Exception: if B had originally contained 00H, the values returned in the ac- 
cumulator and B-register will be undefined and the overflow flag will be set. 
The carry flag is cleared in any case. 

The accumulator contains 251 (0FBH or 1 1 1 1 101 IB) and B contains 18 (12H or 
000 1001 0B). The instruction, 

DIV AB 

will leave 13 in the accumulator (0DH or 00001 101 B) and the value 17 (1 1H or 

00010001B) in B, since 251 = (13 x 18) + 17. Carry and OV will both be 

cleared. 

1 

4 



1 1 



DIV 

(A) l5-8 

(B) 7-0 " 



(A) /(B) 
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DJNZ <byte>,<rel-addr> 







Function: Decrement and Jump if Not Zero 
Description: DJNZ decrements the location indicated by L and branches to the address in- 
dicated by the second operand if the resulting value is not zero. An original 
value of 00H will underflow to OFFH. No flags are affected. The branch 
destination would be computed by adding the signed relative-displacement 
value in the last instruction byte to the PC, after incrementing the PC to the 
first byte of the following instruction. 

The location decremented may be a register or directly addressed byte. 



Example: 



Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins. 

Internal RAM locations 40H, 50H, and 60H contain the values 01 H, 70H, and 
15H, respectively. The instruction sequence, 

DJNZ 



40H, LABEL 1 

DJNZ 50H, LABEL 2 

DJNZ 60H, LABEL 3 



will cause a jump to the instruction at label LABEL 2 with the values 00H, 

6FH, and 15H in the three RAM locations. The first jump was not taken 
because the result was zero. 

This instruction provides a simple way of executing a program loop a given 
number of times, or for adding a moderate time delay (from 2 to 512 machine 
cycles) with a single instruction. The instruction sequence, 



TOGGLE: 



MOV 

CPL 

DJNZ 



R2,#8 
P1.7 

R2, TOGGLE 



will toggle PI .7 eight times, causing four output pulses to appear at bit 7 of out- 
put port 1. Each pulse will last three machine cycles; two for DJNZ and one to 
alter the pin. 

■ 



■ 
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DJNZ Rn,rel 

Bytes: 2 
Cycles: 2 



Encoding: 



110 1 



1 r r r 



direct address 



Operation: DJNZ 

(PC)-* — (PC) + 2 
(Rn)-«— (Rn) - 1 
IF (Rn) > or (Rn) < 
THEN 

(PC)-« — (PC) + rel 

DJNZ direct, rel 
Bytes* 3 
Cycles: 2 



Encoding: 



110 1 



10 1 



direct address 



Operation: DJNZ 

(PC)-.— (PC) + 2 
(direct)-* — (direct) — 1 
IF (direct) > or (direct) < 
THEN 

(PC)^_ (PC) + rel 



INC <byte> 







rel. address 



Function: Increment 
Description: INC increments the indicated variable by 1. An original value of OFFH will 
overflow to 00H. No flags are affected. Three addressing modes are allowed: 
register, direct, or register-indirect. 

Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins. 
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Example: 



■ 



INC A 



Register contains 7EH (01 1 1 1 1 1 10B). Internal RAM locations 7EH and 7FH 
contain OFFH and 40H, respectively. The instruction sequence, 

INC @R0 
INC R0 
INC @R0 

will leave register set to 7FH and internal RAM locations 7EH and 7FH 
holding (respectively) 00H and 41 H. 



Bytes: 


1 




Cycles: 


1 




Encoding: 





10 



Operation: 

■ 



INC 

(AH- (A) + 1 







1 r r r 



INC Rn 

Bytes: 1 
Cycles: 1 

Encoding: 

Operation: 

INC direct 

Bytes: 2 
Cycles: 1 

Encoding: 

Operation: 



INC 

(Rn)-^-(Rn) + 1 







10 1 



direct address 





INC 

(direct)-*— (direct) + 1 
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INC @Ri 
Bytes: 
Cycles: 

Encoding: 

Operation: 



1 
1 







1 1 i 



INC 

((Ri))^_ ((Ri)) + 1 



INC 



DPTR 







Function: 
Description: 



Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 



Increment Data Pointer 

Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 2 16) is per- 
formed; an overflow of the low-order byte of the data pointer (DPL) from 
OFFH to 00H will increment the high-order byte (DPH). No flags are affected. 

This is the only 16-bit register which can be incremented. 
Registers DPH and DPL contain 12H and OFEH, respectively. The instruction 
sequence, 

INC DPTR 
INC DPTR 
INC DPTR 

will change DPH and DPL to 13H and 01H. 

1 
2 



10 10 



11 



INC 

(DPTR)-^ (DPTR) + 1 
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JB bit.rel 

Function: 
Description: 



Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 





Jump if Bit set 

If the indicated bit is a one, jump to the address indicated; otherwise proceed 
with the next instruction. The branch destination is computed by adding the 
signed relative-displacement in the third instruction byte to the PC, after in- 
crementing the PC to the first byte of the next instruction. The bit tested is not 
modified. No flags are affected. 

The data present at input port 1 is 11001010B. The accumulator holds 56 
(010101 10B). The instruction sequence, 

JB P1.2.LABEL1 
JB ACC.2,LABEL2 

will cause program execution to branch to the instruction at label LABEL2. 

3 

2 



10 







bit address 





JB 

(PQ*-(PQ + 3 
IF (bit) = 1 
THEN 

(PC)-«— (PC) + rel 



JBC bit.rel 



Function: 
Description: 



Jump if Bit is set and Clear bit 

If the indicated bit is one, branch to the address indicated; otherwise proceed 
with the next instruction. In either case, clear the designated bit. The branch 
destination is computed by adding the signed relative-displacement in the third 
instruction byte to the PC, after incrementing the PC to the first byte of the 
next instruction. No flags are affected. 



Note: When this instruction is used to test an output pin, the value used as the 
original data will be read from the output data latch, not the input pin. 
Example: The accumulator holds 56H (010101 10B). The instruction sequence, 

JBC ACC.3,LABEL1 
JBC ACC.2,LABEL2 

will cause program execution to continue at the instruction identified by the 
label LABEL2, with the accumulator modified to 52H (01010010B). 
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Bytes: 3 
Cycles: 2 



Encoding: 



1 







bit address 



rel. address 



Operation: JBC 

(PC) -« (PC) + 3 

IF (bit) = 1 
THEN 

(bit) — 

(PC)-« (PC) + rel 



JC rel 

Function: 
Description: 



Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 



Jump if Carry is set 
If the carry flag is set, branch to the address indicated; otherwise proceed with 
the next instruction. The branch destination is computed by adding the signed 
relative-displacement in the second instruction byte to the PC, after incremen- 
ting the PC twice. No flags are affected. 
The carry flag is cleared. The instruction sequence, 



JC LABEL 1 
CPL C 
JC LABEL2 



will set the carry and cause program execution to continue at the instruction 

identified by the label LABEL2. 
2 



10 









J 



JC 

(PC)^(PC) + 2 
IF (C) = 1 
THEN 

(PC)-^(PC) + rel 
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JMP @A + DPTR 



Function: 
Description: 



Example: 



Jump indirect 

Add the eight-bit unsigned contents of the accumulator with the sixteen-bit data 
pointer, and load the resulting sum to the program counter. This will be the ad- 
dress for subsequent instruction fetches. Sixteen-bit addition is performed 
(modulo 2 16): a carry-out from the low-order eight bits propagates through the 
higher-order bits. Neither the accumulator nor the data pointer is altered. No 
flags are affected. 

An even number from to 6 is in the accumulator. The following sequence of 
instructions will branch to one of four A JMP instructions in a jump table start- 
ing at JMP TBL: 



MOV 
JMP 



~ R P -™ L 



JMP TBL: 



AJMP 
AJMP 
AJMP 
AJMP 



LABELO 
LABEL 1 
LABEL2 
LABEL3 



Bytes: 
Cycles: 

Encoding: 

Operation: 



If the accumulator equals 04H when starting this sequence, execution will jump 
to label LABEL2. Remember that AJMP is a two-byte instruction, so the jump 
instructions start at every other address. 



1110 11 



JMP 

(PC)-* — (A) + (DPTR) 

1 

■ 



- 
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JNB bit,rel 



Ml ' r 



Function: 
Description: 



Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 



Jump if Bit Not set 

If the indicated bit is a zero, branch to the indicated address; otherwise proceed 
with the next instruction. The branch destination is computed by adding the 
signed relative-displacement in the third instruction byte to the PC, after in- 
crementing the PC to the first byte of the next instruction. The bit tested is not 
modified. No flags are affected. 

The data present at input port 1 is 11001010B. The accumulator holds 56H 
(010101 10B). The instruction sequence, 

H 



JNB 
JNB 



P1.3,LABEL1 
ACC.3.LABEL2 

will cause 
3 
2 



execution to continu 



t the instruction at label LABEL2. 



1 



1 bit address 
— 



1 



1 



rel. address 



JNB 

(PC)-« — (PC) + 3 
IF (bit) = 

THEN (PC)-«- 



— (PC) + rel. 



JNC 



rel 





Function: Jump if Carry not set 

Description: If the carry flag is a zero, branch to the address indicated; otherwise proceed 
with the next instruction. The branch destination is computed by adding the 
signed relative-displacement in the second instruction byte to the PC, after in- 
crementing the PC twice to point to the next instruction. The carry flag is not 
modified. 

Example: The carry flag is set. The instruction sequence, 

JNC LABEL 1 

CPL C 

JNC LABEL2 

will clear the carry and cause program execution to continue at the instruction 
identified by the label LABEL2. 



8-34 



MCS-51 INSTRUCTION SET 



Bytes: 
Cycles: 

Encoding: 



10 1 







rel. address 



:noOqhoe«. 



Operation: JNC 

(PC)-« — (PC) + 2 
IF (C) = 

THEN (PC)-«— (PC) + rel 

U ' 
ii 

JNZ rel 





Function: 
Description: 



Example: 



Jump if accumulator Not Zero 

If any bit of the accumulator is a one, branch to the indicated address; other- 
wise proceed with the next instruction. The branch destination is computed by 
adding the signed relative-displacement in the second instruction byte to the 
PC, after incrementing the PC twice. The accumulator is not modified. No 
flags are affected. 

The accumulator originally holds 00H. The instruction sequence, 



JNZ LABEL 1 
INC A 
JNZ LABEL2 



Bytes: 
Cycles: 



will set the accumulator to 01 H and continue at label LABEL2. 
2 

2 dhbbs 



JJAOJ 



Encoding: 

Operation: JNZ 

(PC) 



111 







rel. address 



- (PC) + 2 



rnoitqhosfls 



IF (A) £0 

THEN (PC)-«— (PC) + rel 



o oc 

cs-oo 
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JZ 



rel 



Function: 
Description: 



Example: 



Bytes: 
Cycles: 

Encoding: 





Jump if Accumulator Zero 

If all bits of the accumulator are zero, branch to the address indicated; other- 
wise proceed with the next instruction. The branch destination is computed by 
adding the signed relative-displacement in the second instruction byte to the 
PC, after incrementing the PC twice. The accumulator is not modified. No 
flags are affected. 

The accumulator originally contains 01H. The instruction sequence, 

JZ LABEL 1 

DEC A 

JZ LABEL2 

will change the accumulator to 00H and cause program execution to continue at 

the instruction identified by the label LABEL2. 

2 



2 

, , 



1 1 rel. 







Operation: JZ 

(PC)*-(PC) + 2 
IF (A) = 

THEN (PC)-«— (PC) + rel 



LCALL addr16 



Function: Long Call 
Description: LCALL calls a subroutine located at the indicated address. The instruction 
adds three to the program counter to generate the address of the next instruc- 
tion and then pushes the 16-bit result onto the stack (low byte first), increment- 
ing the stack pointer by two. The high-order and low-order bytes of the PC are 
then loaded, respectively, with the second and third bytes of the LCALL in- 
struction. Program execution continues with the instruction at this address. The 
subroutine may therefore begin anywhere in the full 64K-byte program memory 
address space. No flags are affected. 
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Example: Initially the stack pointer equals 07H. The label "SUBRTN" is assigned to pro- 
gram memory location 1234H. After executing the instruction, 

LCALL SUBRTN 

at location 0123H, the stack pointer will contain 09H, internal RAM locations 
08H and 09H will contain 26H and 01 H, and the PC will contain 1235H. 
Bytes: 3 
Cycles: 2 



Encoding: 
Operation: 



1 1 



addrl5 - addr8 



addr7 - addrO 



.(HAD0) lOIOlOOIl a 1 hoq Hiqni IB lro«nq Blub wff .H01 
LCALL 

(PC)-« — (PC) + 3 
(SP)-«— (SP) + 1 

((SP))^-(PC 7 -0) 
(SP)-« — (SP) + 1 

((SP))*-(PCl5-8) 
(PC)-« — addri5-0 

- 

LJMP addr16 



Function: 
Description: 



Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 



Long Jump 

LJMP causes an unconditional branch to the indicated address, by loading the 
high-order and low-order bytes of the PC (respectively) with the second and 
third instruction bytes. The destination may therefore be anywhere in the full 
64K program memory address space. No flags are affected. 
The label "JMPADR" is assigned to the instruction at program memory loca- 
tion 1234H. The instruction, 

- ' 

LJMP JMPADR 



at location 0123H will load the program counter with 1234H. 

3 

2 



1 



addrl5 - addr8 



— 



addr7 - addrO 



LJMP 

(PC)-^-addri5-o 
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MOV 



<dest-byte>,<src-byte> 





Function: Move byte variable 
Description: The byte variable indicated by the second operand is copied into the location 
specified by the first operand. The source byte is not affected. No other register 
or flag is affected. 



This is by far the most flexible operation. Fifteen combinations of source and 
destination addressing modes are allowed. 
Example: Internal RAM location 30H holds 40H. The value of RAM location 40H is 
10H. The data present at input port 1 is 11001010B (OCAH). 

JJA3J :nolfsieqO 



MOV R0,#30H 

MOV A,@R0 

MOV R1,A 

MOV R,@R1 

MOV @R1,P1 

MOV P2, PI 



R0<= 30H 
A - = 40H 
Rl < = 40H 
B<= 10H 



RAM (40H) < = OCAH 
P2 #0CAH 



MOV A,Rn 
Bytes: 
Cycles: 



r 



Encoding: 



leaves the value 30H in register 0, 40H in both the accumulator and register 1 , 
10H in register B, and OCAH (1 1001010B) both in RAM location 40H and out- 
put on port 2. 

dhbbs «*MI J 

1 
1 

>ba biiisoiijnf aril or rfon^ k? tenotnbnoanu ns »ki/jsd ^MU :nolSqfro jsQ 



11 1 





1 r r r 



Operation: 



MOV 

(A)*-(Rn) 



MOV A,direct 
Bytes: 2 
Cycles: 1 

Encoding: 

Operation: 



1110 



10 1 



direct address 



MOV 
(A)-«- (direct) 



:e8iyc 



NMUgMqO 
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MOV A,@Ri 

Bytes: 1 
Cycles: 1 



Encoding: 



1110 



1 1 i 



Operation: MOV 

(A)- ((Ri)) 

MOV A,#data 
Bytes: 2 
Cycles: 1 

Encoding: 



111 



10 



immediate data 



■ 



Operation: MOV 

(A)-«— #data 

MOV Rn.A 

Bytes: 1 
Cycles: 1 



Encoding: 



1111 



1 r r r 



Operation: MOV 

(Rn)^-(A) 

MOV Redirect 
Bytes: 2 
Cycles: 2 



Encoding: 



10 10 



1 r r r 



direct addr. 



Operation: MOV 

(Rn)^*— (direct) 

MOV Rn,#data 
Bytes: 2 
Cycles: 1 



Encoding: 



111 



1 r r r 



immediate data 



Operation: MOV 

(Rn)-«— #data 
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MOV direct,A 
Bytes: 2 
Cycles: 1 



1111 



Encoding: 

Operation: MOV 

(direct)-*— (A) 

MOV direct,Rn 
Bytes: 2 
Cycles: 2 



10 1 



direct address 



:noit*ieqO 



1 1 r r r 



Encoding: 

Operation: MOV 

(direct) -«— (Rn) 

MOV direct.direct 
Bytes: 3 
Cycles: 2 



address 



Encoding: 



10 



10 1 



dir. addr. (src) 



dir. addr. (dest) 



Operation: MOV 

(direct)-* — (direct) 

MOV direct,® Ri 
Bytes: 2 
Cycles: 2 



.setya 



Encoding: 



10 



1 1 i 



direct addr. 



G 



Operation: MOV 

(direct)-^-((Ri)) 

MOV direct,#data 
Bytes: 3 
Cycles: 2 

Encoding: 

Operation: MOV 

(direct)-* — #data 



8K ■ 



1110 10 1 



direct address immediate data 
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MOV @Ri,A 



Bytes: 


1 




Cycles: 


1 




Encoding: 


1111 


11 i 


Operation: 


MOV 






((Ri))^— (A) 




MOV @ Redirect 




Bytes: 


2 




Cycles: 


2 




Encoding: 


10 10 


1 1 i 



Operation: MOV 

((Ri))*— (direct) 

MOV @Ri,#data 
Bytes: 2 
Cycles: 1 



MOV <dest-bit>,<src-bit> 









111 


1 1 i 




immediate data 




Encoding* 








Operation: 


MOV 






■ 






((RI))-«— #data 


















tail :•: -d%irt aril li 











Function: Move bit data 
Description: The Boolean variable indicated by the second operand is copied into the loca- 
tion specified by the first operand. One of the operands must be the carry flag; 
the other may be any directly addressable bit. No other register or flag is af- 
fected. 

The carry flag is originally set. The data present at input port 3 is 1 1000101 B. 
The data previously written to output port 1 is 35H (00110101B). 

, 



Example: 



MOV P1.3.C 
MOV C.P3.3 
MOV P1.2.C 

will leave the carry cleared and change port 1 to 39H (00111001B). 

8-41 



MCS-51 INSTRUCTION SET 



MOV C,bit 
Bytes: 
Cycles: 

Encoding: 

Operation: 

MOV bit,C 
Bytes: 
Cycles: 

Encoding: 

Operation: 



2 
1 



1 1 1 



bit address 



MOV 

{Q-*- (bit) 

2 
2 



1 1 1 



bit address 



MOV 

(bit)^-(C) 



MOV DPTR,#data16 















Function: 
Description: 



Load Data Pointer with a 16-bit constant 

The data pointer is loaded with the 16-bit constant indicated. The 16-bit con- 
stant is loaded into the second and third bytes of the instruction. The second 
byte (DPH) is the high-order byte, while the third byte (DPL) holds the low- 
order byte. No flags are affected. 



This is the only instruction which moves 16 bits of data at once. 
Example: The instruction, 

MOV DPTR,#1234H 

will load the value 1234H into the data pointer: DPH will hold 12H and DPL 
will hold 34H. 
Bytes: 3 
Cycles: 2 



Encoding: 



10 1 







immed. datal5 - 8 



immed. data7 - 



Operation: MOV 

(DPTR)^#datai5-0 

DPH □ DPL^-#datai 5 _8 □ #data7_o 
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MOVC A,@A + <base-reg> 



" • - -• r,A DVOM 



— 



— 



Function: 
Description: 



Example: 



REL_PC: 



-ni tid-nsalxiz io lid-iris ^ rus 



Move Code byte 

The MOVC instructions load the accumulator with a code byte, or constant 
from program memory. The address of the byte fetched is the sum of the 
original unsigned eight-bit accumulator contents and the contents of a sixteen- 
bit base register, which may be either the data pointer or the PC. In the latter 
case, the PC is incremented to the address of the following instruction before 
being added with the accumulator: otherwise the base register is not altered. 
Sixteen-bit addition is performed so a carry-out from the low-order eight bits 
may propagate through higher-order bits. No flags are affected. 
A value between and 3 is in the accumulator. The following instructions will 
translate the value in the accumulator to one of four values defined by the DB 
(define byte) directive. 

IsrnsJxH 9voIv5 



INC 
MOVC 
RET 
DB 
DB 
DB 
DB 



A 

A,@A + PC 



:noitonu3 
:noitqfroeeC 



66H 
77H 
88H 
99H 



WJX5 sill o) z»ibfc.£ joaiib 



-1S1X"} lot JfOOl 



If the subroutine is called with the accumulator equal to 01 H, it will return with 
77H in the accumulator. The INC A before the MOVC instruction is needed to 
"get around" the RET instruction above the table. If several bytes of code 
separated the MOVC from the table, the corresponding number would be add- 
ed to the accumulator instead. 



DPTR 

1 

2 



:!8b 



lo-dairi arlj z)m 



oasz art! id 
zesibbfi lid 



insra is 



1 1 1 1 



Q 1o etminoo 3fiJ anhiima 



MOVC A,@A + 
Bytes: 
Cycles: 

Encoding: 

zno'itomtud Isnoiifbbs on -wiiz .(rajyd MM oj qu) zysius atob s-giiii {lav gniazso 
Operation: MOVC 

(A)-.- ((A) + (DPTR)) 

-in MAS sgtBi A .23q\;j -'./Olvi owl arli xim oj znoiJBJjrz smoz ni sldizeoq «i )! 
fijBb sriT si v basaaibbB sH too -<t yd rravhb ?.anil 2a-jibbfi MlMMljjM if llJ ' w V™ 
b yd bswollol £<? oj zj;-' g^ibbs labio-rigid luqiuo oi oboj rlJiw io ,»inioq 

A» loOfl hhoi nohainteoi XVOM 
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MOVC A,@A + PC 
Bytes: 1 
Cycles: 2 



Encoding: 



10 



11 



Operation: MOVC 

(PC)-*— (PC) + 1 
(AH-«A) + (PC)) 



MOVX <dest-byte>,<src-byte> 



Function: 
Description: 



— — — — - 

Move External 

The MOVX instructions transfer data between the accumulator and a byte of 
external data memory, hence the "X" appended to MOV. There are two types of 
instructions, differing in whether they provide an eight-bit or sixteen-bit in- 
direct address to the external data RAM. 



In the first type, the contents of R0 or Rl in the current register bank provide an 
eight-bit address multiplexed with data on P0. Eight bits are sufficient for exter- 
nal I/O expansion decoding or a relatively small RAM array. For somewhat 
larger arrays, any output port pins can be used to output higher-order address 
bits. These pins would be controlled by an output instruction preceding the 
MOVX 

In the second type of MOVX instruction, the data pointer generates a sixteen- 
bit address. P2 outputs the high-order eight address bits (the contents of DPH) 
while P0 multiplexes the low-order eight bits (DPL) with data. The P2 Special 
Function Register retains its previous contents while the P2 output buffers are 
emitting the contents of DPH. This form is faster and more efficient when ac- 
cessing very large data arrays (up to 64K bytes), since no additional instructions 
are needed to set up the output ports. 

It is possible in some situations to mix the two MOVX types. A large RAM ar- 
ray with its high-order address lines driven by P2 can be addressed via the data 
pointer, or with code to output high-order address bits to P2 followed by a 
MOVX instruction using R0 or Rl. 
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Example: 



An external 256 byte RAM using multiplexed address/data lines (e.g., an Intel® 
8155 RAM/I/O/Timer) is connected to the 8051 Port 0. Port 3 provides control 
lines for the external RAM. Ports 1 and 2 are used for normal I/O. Registers 
and 1 contain 12H and 34H. Location 34H of the external RAM holds the value 
56H. The instruction sequence, 



MOVX A,@Ri 
Bytes: 
Cycles: 

Encoding: 

Operation: MOVX 

(A)— ((Ri)) 

MOVX A,@DPTR 
Bytes: 1 
Cycles: 2 



MOVX A,@R1 
MOVX @R0,A 

copies the value 56H into both the accumulator and external RAM location 
12H. 



1110 



1 i 



1110 



Encoding: 

Operation: MOVX 

(A)^_((DPTR)) 

MOVX @Ri,A 
Bytes: 1 
Cycles: 2 







Encoding: 1111 

Operation: MOVX 

((Hi))-*- (A) 

MOVX ©DPTR.A 
Bytes: 1 
Cycles: 2 



1 i 



Encoding: 
Operation: 



1111 







MOVX 
(DPTR) - 



(A) 
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MUL AB 



Function: Multiply 

Description: MUL AB multiplies the unsigned eight-bit integers in the accumulator and 
register B. The low-order byte of the sixteen-bit product is left in the ac- 
cumulator, and the high-order byte in B. If the product is greater than 255 
(OFFH) the overflow flag is set; otherwise it is cleared. The carry flag is always 
cleared. 

Example: Originally the accumulator holds the value 80 (50H). Register B holds the value 
160 (0A0H). The instruction, 

MUL AB 



Encoding: 



will give the product 12,800 (3200H), so B is changed to 32H (00110010B) and 
the accumulator is cleared. The overflow flag is set, carry is cleared. 



Bytes: 1 
Cycles: 4 



:prJboon3 



10 10 



10 



Operation: MUL 

(A) 7-f>*-(A)X(B) 

(B) l5-8 



((>il nO)L 



:;}itib03fl3 

■ 



A.AT9 



ipniboonH 
rtoi?si»qO 
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NOP 



Function: No Operation 
Description: Execution continues at the following instruction. Other than the PC, no 
registers or flags are affected. 
Example: It is desired to produce a low-going output pulse on bit 7 of port 2 lasting exact- 
ly 5 cycles. A simple SETB/CLR sequence would generate a one-cycle pulse, so 
four additional cycles must be inserted. This may be done (assuming no inter- 
rupts are enabled) with the instruction sequence, 





CLR 


P2.7 


NOP 








NOP 








NOP 






NOP 








SETB 


P2.7 


Bytes: 


1 






Cycles: 


1 






Encoding: 











Operation: 


NOP 






(PC)*- (PC) + 1 
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ORL <dest-byte> <src-byte> 



Function: Logical-OR for byte variables 
Description: ORL performs the bitwise logical-OR operation between the indicated 
variables, storing the results in the destination byte. No flags are affected. 

The two operands allow six addressing mode combinations. When the destina- 
tion is the accumulator, the source can use register, direct, register-indirect, or 
immediate addressing; when the destination is a direct address, the source can 
be the accumulator or immediate data. 

Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins. 

Example: If the accumulator holds 0C3H (1100001 IB) and R0 holds 55H (01010101B) 
then the instruction, 



ORL A,R0 

will leave the accumulator holding the value 0D7H (1101011 IB). 



ORL A,Rn 
Bytes: 
Cycles: 

Encoding: 

Operation: 



When the destination is a directly addressed byte, the instruction can set com- 
binations of bits in any RAM location or hardware register. The pattern of bits 
to be set is determined by a mask byte, which may be either a constant data 
value in the instruction or a variable computed in the accumulator at run-time. 
The instruction, 

ORL P1,#00110010B 

will set bits 5, 4, and 1 of output port I. 



1 1 r r r 



ORL 

(A)^-(A) v (Rn) 
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ORL A.direct 

Bytes: 2 
Cycles: 1 



Encoding: 



10 



10 1 



direct address 



Operation: ORL 

(A)-« — (A) V (direct) 

ORL A,@Ri 

Bytes: 1 
Cycles: 1 



Encoding: 
Operation: 

ORL A,#data 
Bytes: 
Cycles: 

Encoding: 

Operation: 

ORL direct.A 
Bytes: 



10 



1 1 i 



ORL 

(A)^-(A) V ((Ri)) 



10 



10 



immediate data 



ORL 

(A)^— (A) V 



Cycles: 1 
Encoding: 



10 



10 



direct address 



Operation: ORL 

(direct)-.— (direct) V (A) 

ORL direct,#data 
Bytes: 3 
Cycles: 2 



Encoding: 



10 



11 



direct addr. 



immediate data 



Operation: ORL 

(direct)-* — (direct) V #data 
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ORL C, <src-bit> 



1 

Logical-OR for bit variables 

Set the carry flag if the Boolean value is a logical 1; leave the carry in its current 
state otherwise. A slash ("/") preceding the operand in the assembly language 
indicates that the logical complement of the addressed bit is used as the source 
value, but the source bit itself is not affected. No other flags are affected. 
Set the carry flag if and only if P1.0 = 1, ACC.7 = 1, or OV = 0: 

MOV C.P1.0 ;LOAD CARRY WITH INPUT PIN P10 

ORL CACC.7 ;OR CARRY WITH THE ACC. BIT 7 

ORL C,/OV :OR CARRY WITH THE INVERSE OF OV 



Function: 
Description 



Example: 



ORL C,bit 
Bytes: 
Cycles: 

Encoding: 

Operation: 

ORL C,/bit 
Bytes: 
Cycles: 

Encoding: 

Operation: 



2 
2 



111 



10 



bit address 



ORL 

(C)-^(C) v (bit) 



10 10 







bit address 



ORL 

(Q^_ (Q v (bit) 



POP direct 



Function: Pop from stack. 
Description: The contents of the internal RAM location addressed by the stack pointer is 
read, and the stack pointer is decremented by one. The value read is the transfer 
to the directly addressed byte indicated. No flags are affected. 
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Example: The stack pointer originally contains the value 32H, and internal RAM loca- 
tions 30H through 32H contain the values 20H, 23H, and 01 H, respectively. 
The instruction sequence, 

POP DPH 
POP DPL 

will leave the stack pointer equal to the value 30H and the data pointer set to 
0123H. At this point the instruction, 

POP SP 

will leave the stack pointer set to 20H. Note that in this special case the stack 
pointer was decremented to 2FH before being loaded with the value popped 



Bytes: 
Cycles: 

Encoding: 

Operation: 



(20H). 

2 

2 



110 1 







direct address 



POP 
(direct)- 
(SP)- 



-((SP)) 

— (SP) - 1 



PUSH 



direct 



Function: Push onto stack 
Description: The stack pointer is incremented by one. The contents of the indicated variable 
is then copied into the internal RAM location addressed by the stack pointer. 
Otherwise no flags are affected. 
Example: On entering an interrupt routine the stack pointer contains 09H. The dat; 
pointer holds the value 0123H. The instruction sequence, 



ttolfqnoswC 



d bsJfisnwiaab PUSH DPL 
PUSH DPH 

will leave the stack pointer set to 0BH and store 23 H and 01 H in internal RAM 
locations 0AH and 0BH, respectively. 
Bytes: 2 
Cycles: 2 



Encoding: 
Operation: 



110 







direct address 



PUSH 
(SP)- 
((SP))- 



(SP) + 1 
(direct) 
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RET 

Function: 
Description: 



Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 





Return from subroutine 

RET pops the high- and low-order bytes of the PC successively from the stack, 
decrementing the stack pointer by two. Program execution continues at the 
resulting address, generally the instruction immediately following an ACALL 
or LCALL. No flags are affected. 

The stack pointer originally contains the value OBH. Internal RAM locations 
OAH and OBH contain the values 23H and 01 H, respectively. The instruction, 

RET 

will leave the stack pointer equal to the value 09H. Program execution will con- 
tinue at location 0123H. 
1 
2 



10 



10 



RET 

(PC 15-8)— ((SP)) 
(SP)-«— (SP) - 1 
(PC7-0)-*— ((SP)) 
(SP)^«— (SP) - 1 



RETI 



Function: Return from interrupt 
Description: RETI pops the high- and low-order bytes of the PC successively from the stack, 
and restores the interrupt logic to accept additional interrupts at the same 
priority level as the one just processed. The stack pointer is left decremented by 
two. No other registers are affected; the PSW is not automatically restored to 
its pre-interrupt status. Program execution continues at the resulting address, 
which is generally the instruction immediately after the point at which the inter- 
rupt request was detected. If a lower- or same-level interrupt had been pending 
when the RETI instruction is executed, that one instruction will be executed 
before the pending interrupt is processed. 



! 
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Example: The stack pointer originally contains the value OBH. An interrupt was detected 
during the instruction ending at location 0122H. Internal RAM locations OAH 

and OBH contain the values 23H and 01 H, respectively. The instruction, 

ii'jtsim ai V Jifl .itol stii ( rid oao t»)BKn 5i£ lotsJuinuoofi sril ni ?lid "rigis 3rir 'POiiqnOMU 
RETI 

will leave the stack pointer equal to 09H and return program execution to loca- 
tion 0123H. 
Bytes: 1 
Cycles* 2 



Encoding: 



11 



10 



Operation: RETI 

(PCl5- 8 )^— ((SP)) 
(SP)-*-(SP) - 1 
(PC7-0)-— ((SP)) 
(SP)-«— (SP) - 1 



i 
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RL A 

Function: Rotate accumulator Left 
Description: The eight bits in the accumulator are rotated one bit to the left. Bit 7 is rotated 
into the bit position. No flags are affected. 
Example: The accumulator holds the value 0C5H (1 1000101B). The instruction, 

RL A 

! :s9ty8 

leaves the accumulator holding the value 8BH (10001011B) with the carry unaf- 
fected. 
Bytes: 1 



Cycles: 1 



Encoding: 1 1 1 



lT3>i rnoltfiiarO 



Operation: RL 

(A n + l)-«— (An) n = 0-6 
(AO)— (A7) 



RLC 



Function: 
Description: 



Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 



Rotate accumulator Left through the Carry flag 

The eight bits in the accumulator and the carry flag are together rotated one bit 

to the left. Bit 7 moves into the carry flag; the original state of the carry flag 

moves into the bit position. No other flags are affected. 

The accumulator holds the value 0C5H (1 1000101 B), and the carry is zero. The 

instruction, 

RLC A 

leaves the accumulator holding the value 8BH (10001010B) with the carry set. 

1 

1 



1 1 1 1 



RLC 

(An+1)*- (An) 

(Aoy* — (Q 

(CH — (A7) 



n = 0-6 
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RR A 

Function: 
Description: 

Example: 



Bytes: 
Cycles: 

Encoding: 

Operation: 



Rotate accumulator Right 

The eight bits in the accumulator are rotated one bit to the right. Bit is rotated 
into the bit 7 position. No flags are affected. 

The accumulator holds the value 0C5H (1 1000101 B). The instruction, 
RR A 

leaves the accumulator holding the value 0E2H (11100010B) with the carry 
unaffected. 

1 



1 







11 



RR 

(An)-«— (A n + D n = 0-6 
(A7)^— (AO) 



RRC 



Function: Rotate accumulator Right through Carry flag 
Description: The eight bits in the accumulator and the carry flag are together rotated one bit 
to the right. Bit moves into the carry flag; the original value of the carry flag 
moves into the bit 7 position. No other flags are affected. 
Example: The accumulator holds the value 0C5H (1 1000101B), the carry is zero. The in- 



struction, 
RRC A 



Bytes: 
Cycles: 

Encoding: 

Operation: 



leaves the accumulator holding the value 62 (01100010B) with the carry set. 
1 



1 



11 



RRC 

(An)^— (An+l) n = 0-6 

(A7)*-(Q 

(Q— (AO) 
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SETB <bit> 



m 



Function: Set Bit 

Description: SETB sets the indicated bit to one. SETB can operate on the carry flag or any 
directly addressable bit. No other flags are affected. 
Example: The carry flag is cleared. Output port 1 has been written with the value 34H 
(00110100B). The instructions, 

SETB C 
SETB P1.0 



will leave the carry flag set to 1 and change the data output on port 1 to 35H 
(00110101B). 



SETB C 

Bytes: 1 
Cycles: 1 



Encoding: 



110 1 



11 



Operation: SETB 

(Q-*— 1 

SETB bit 

Bytes: 2 
Cycles: 1 

Encoding: 

Operation: 



110 1 


10 




bit address 



(bit)— 1 

SJMP rel 



Function: Short Jump 
Description: Program control branches unconditionally to the address indicated. The branch 
destination is computed by adding the signed displacement in the second in- 
struction byte to the PC, after incrementing the PC twice. Therefore, the range 
of destinations allowed is from 128 bytes preceding this instruction to 127 bytes 
following it. 
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! 



Example: The label "RELADR" is assigned to an instruction at program memory location 
0123H. The instruction, 

SJMP RELADR 

-3B sriJ moil wrtaso) gs o~u& arf* bits aidehfiv telEoibri! art? ttouuduz UH'JZ :noi»qhot»a 
will assemble into location 0100H. After the instruction is executed, the PC will 

contain the value 0123H. 

(Note: Under the above conditions the instruction following SJMP will be at 
102H. Therefore, the displacement byte of the instruction will be the relative 
offset (0123H-0102H) = 21H. Put another way, an SJMP with a displacement 
of OFEH would be a one-instruction infinite loop.) 
Bytes: 2 
Cycles: 2 



I 1 1 i 

Encoding: |,1 0|0 0| | rel. address 

Operation: SJMP 

(PC)-«— (PC) + 2 
(PC)-«— (PC) + rel 



i 

- 



I 



88U2 

- 



mmmgi 

:Rr>ibo3fi3 
:no§i6ieq0 
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SUBB A, <src-byte> 



Function: 
Description: 



Subtract with borrow 

SUBB subtracts the indicated variable and the carry flag together from the ac- 
cumulator, leaving the result in the accumulator. SUBB sets the carry (borrow) 
flag if a borrow is needed for bit 7, and clears C otherwise. (If C was set before 
executing a SUBB instruction, this indicates that a borrow was needed for the 
previous step in a multiple precision subtraction, so the carry is subtracted from 
the accumulator along with the source operand.) AC is set if a borrow is needed 
for bit 3, and cleared otherwise. OV is set if a borrow is needed into bit 6, but 
not into bit 7, or into bit 7, but not bit 6. 



Example: 



When subtracting signed integers OV indicates a negative number produced 
when a negative value is subtracted from a positive value, or a positive result 
when a positive number is subtracted from a negative number. 

The source operand allows four addressing modes: register, direct, register- 
indirect, or immediate. 

The accumulator holds 0C9H (11001001B), register 2 holds 54H (01010100B), 
and the carry flag is set. The instruction, 

SUBB A,R2 

will leave the value 74H (Oil 10100B) in the accumulator, with the carry flag and 
AC cleared but OV set. 



SUBB A.Rn 
Bytes: 
Cycles: 

Encoding: 

Operation: 



Notice that 0C9H minus 54H is 75H. The difference between this and the above 
result is due to the carry (borrow) flag being set before the operation. If the 
state of the carry is not known before starting a single or multiple-precision sub- 
traction, it should be explicitly cleared by a CLR C instruction. 

1 
1 



1 



1 1 r r 



SUBB 

(A)*- (A) - (C) - (Rn) 
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SUBB A,direct 
Bytes: 2 
Cycles: 1 



Encoding: 
Operation: 



10 1 



10 1 



1 1 I 1 



direct address 



Dpei 

Hit suIbv 3ffj 



SUBB 

(AH— (A) - (C) - (direct) 



SUBB A,@Ri 
Bytes: 1 
Cycles: l 



10 1 



1 1 i 



Encoding: 

Operation: SUBB 

(A)^-(A) - (C) - ((Ri)) 

SUBB A,#data 
Bytes: 2 



Cycles: 
Encoding: 
Operation: 

SWAP A 



1 



I 



10 1 



10 



immediate dat 



SUBB 

(A)-^-(A) - (C) - #data 











Function: 
Description: 



Example: 

Bytes: 
Cycles: 

Encoding: 

Operation: 



Swap nibbles within the Accumulator 

SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the 
accumulator (bits 3-0 and bits 7-4). The operation can also be thought of as a 
four-bit rotate instruction. No flags are affected. 
The accumulator holds the value 0C5H (11000101B). The instruction, 

SWAP A 

leaves the accumulator holding the value 5CH (01011100B). 

1 

1 



110 



10 



SWAP 
(A3-0)^ 



:(A 7 -4), (A7-4)-^(A3-0) 
8-59 
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XCH A,<byte> 



Function: 
Description: 



Example: 



Exchange Accumulator with byte variable 

XCH loads the accumulator with the contents of the indicated variable, at the 
same time writing the original accumulator contents to the indicated variable. 
The source/ destination operand can use register, direct, or register-indirect ad- 
dressing. 

RO contains the address 20H. The accumulator holds the value 3FH 
(0011 HUB). Internal RAM location 20H holds the value 75H (01110101B). 
The instruction, 

XCH A,@R0 

will leave RAM location 20H holding the values 3FH (0011 HUB) and 75H 
(01110101B) in the accumulator. 



I raeloyO 



XCH A,Rn 
Bytes: 
Cycles: 

Encoding: 

Operation: 

XCH A,direct 
Bytes: 
Cycles: 

Encoding: 

Operation: 

XCH A,@Ri 
Bytes: 
Cycles: 

Encoding: 

Operation: 



110 



1 r r r 



XCH 



(A)^T(Rn) 



:noitsi9q0 

:gniboon3 
noitsieqO 



110 


10 1 











direct address 



XCH 

(A)^r(direct) 

■ 

1 
1 



1 1 1 1 i 



XCH 

(A)T^((Ri)) 



:nouofiui 
:nolfqhO2d0 



:elqmex3 



moitBisqO 
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XCHD A,@Ri 



11. 



Function: Exchange Digit 
Description: XCHD exchanges the low-order nibble of the accumulator (bits : 

representing a hexadecimal or BCD digit), with that of the internal RAM loca- 
tion indirectly addressed by the specified register. The high-order nibbles (bits 
7-4) of each register are not affected. No flags are affected. 
Example: RO contains the address 20H. The accumulator holds the value 36H 
(00110110B). Internal RAM location 20H holds the value 75H (01110101B). 
The instruction, 

XCHD A,@R0 

will leave RAM location 20H holding the value 76H (01110110B) and 35H 
(00110101B) in the accumulator. 
Bytes: 1 



Cycles: 1 



Encoding: 



1 1 l| 1 1 i 



Operation: XCHD 
r 

(A3-0)^ — ((Ri3-0)) 

■ 
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XRL <dest-byte> , <src-byte> 



Function: 
Description: 



Example: 



XRL 



A,Rn 
Bytes: 
Cycles: 



Logical Exclusive-OR for byte variables 

XRL performs the bitwise logical Exclusive-OR operation between the in- 
dicated variables, storing the results in the destination. No flags are affected. 

The two operands allow six addressing mode combinations. When the destina- 
tion is the accumulator, the source can use register, direct, register-indirect, or 
immediate addressing; when the destination is a direct address, the source can 
be the accumulator or immediate data. 

(Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins.) 

If the accumulator holds 0C3H (1100001 IB) and register holds OAAH 
(10101010B) then the instruction, 

A,R0 



Encoding: 

Operation: 

XRL A.direct 
Bytes: 
Cycles: 

Encoding: 

Operation: 



XRL 



will leave the accumulator h< 



olding 



(01101001B). 



When the destination is a directly addressed byte, this instruction can comple- 
ment combinations of bits in any RAM location or hardware register. The pat- 
tern of bits to be complemented is then determined by a mask byte, either a con- 
stant contained in the instruction or a variable computed in the accumulator at 
run-time. The instruction, 

XRL P1,#00110001B 

will complement bits 5, 4, and of output port I. 

1 
1 



110 



1 



XRL 

(A)^-(A) v (Rn) 

2 
1 



110 10 1 



direct address 



XRL 
(A)-h 



-(A) v (direct) 
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XRL A,@Ri 

Bytes: 1 
Cycles: 1 

Encoding: 



110 



1 1 i 



Operation: XRL 

(A)^— (A) v ((Ri)) 

XRL A,#data 

Bytes: 2 
Cycles: 1 

Encoding: 



110 



10 



Operation: XRL 

(A)*— (A) v #data 

XRL direct,A 

Bytes: 2 
Cycles: 1 



Encoding: 



110 



10 



Operation: XRL 

(direct)-* — (direct) v (A) 
XRL direct,#data 
Bytes: 3 
Cycles: 2 



Encoding: 



110 



11 



immediate data 



direct address 



direct address 



immediate data 



Operation: XRL 

(direct)-* — (direct) v #data 
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CHAPTER 9 



Chapter 9 contains three sections: 

• 8051 Programming Techniques 

• Peripheral Interfacing Techniques 

• Connecting to Peripherals 

The first section has 8051 software examples 
for some common routines in controller ap- 
plications. Some routines included are 
multiple-precision arithmetic and table look- 
up techniques. 

Peripheral Interfacing Techniques include 
routines for handling the 805 l's I/O ports, 
serial channel and timer/counters. Discussed 
in this section is I/O port reconfiguration, 
software delay timing, and transmitting serial 



port character strings 
routines. 



along with other 



9.0 8051 PROGRAMMING 
TECHNIQUES 

9.0.1 Radix Conversion Routines 

The divide instruction can be used to convert a 
number from one radix to another. BINBCD 
is a short subroutine to convert an eight-bit un- 
signed binary integer in the accumulator (be- 
tween & 255) to a three-digit (two byte) BCD 
representation. The hundred's digit is returned 
in one variable (HUND) and the ten's and 
one's digits returned as packed BCD in another 
(TENONE). 



;BINBCD 



CONVERT 8-BIT BINARY VARIABLE IN ACCUMULATOR 
TO 3-DIGIT PACKED BCD FORMAT. 
HUNDREDS' PLACE LEFT IN VARIABLE 'HUND', 
TENS' AND ONES' PLACES IN 'TENONE'. 



HUND 
TENONE 

BINBCD: 



DATA 
DATA 



21 H 
22H 



MOV B,#100 

DIV AB 

MOV HUND, A 

MOV A,#10 

XCH A,B 

DIV AB 

SWAP A 

ADD A,B 

MOV TENONE, A 

RET 



;DIVIDED BY 100 TO 

DETERMINE NUMBER OF HUNDREDS 

;DIVIDE REMAINDER BY TEN TO 
DETERMINE NUMBER OF TENS LEFT 
TEN'S DIGIT IN ACC, REMAINDER IS 
;ONE'S DIGIT 

.is Ve 03TA0.OMI noaroaRi 

;PACK BCD DIGITS IN ACC 
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The divide instruction can also separate data in 
the accumulator into sub-fields. For example, 
dividing packed BCD data by 16 will separate 
the two nibbles, leaving the high-order digit in 
the accumulator and the low-order digit (re- 
mainder) in B. Each is right-justified, so the 



digits can be processed individually. This ex- 
ample receives two packed BCD digits in the 
accumulator, separates the digits, computes 
their product, and returns the product in 
packed BCD format in the accumulator. 



- 







; 

;MULBCD UNPACK TWO BCD DIGITS RECEIVED IN ACCUMULATOR, 

; FIND THEIR PRODUCT, AND RETURN PRODUCT 

; IN PACKED BCD FORMAT IN ACCUMULATOR 



MULBCD: 



MOV 
DIV 



B,#10H 
AB 



MUL AB 



MOV 
DIV 

SWAP 
ORL 
RET 



B,#10 
AB 

A 

A,B 



;DIVIDE INPUT BY 16 

;A & B HOLD SEPARATED DIGITS 

;(EACH RIGHT JUSTIFIED IN REGISTER). 

;A HOLDS PRODUCT IN BINARY FORMAT (0- 

;99 (DECIMAL) = — 63H) 

;DIVIDE PRODUCT BY 10 

;A HOLDS NUMBER OF TENS, B HOLDS 

REMAINDER 

;PACK DIGITS 





9.0.2 Multiple Precision Arithmetic 

The ADDC and SUBB instructions incor- 
porate the previous state of the carry (borrow) 
flag to allow multiple-precision calculations by 
repeating the operation with successively 
higher-order operand bytes. If the input data 
for a multiple-precision operation is an un- 
signed string of integers, the carry flag will be 





overflow (for 





set upon completion if an 
ADDC) or underflow (for SUBB) occurs. 
With two's complement signed data, the most 
significant bit of the original input data's most 
significant byte indicates the sign of the string, 
so the overflow flag (OV) will indicate if 
overflow or underflow occurred. 

n 



;SUBSTR SUBTRACT STRING INDICATED BY R1 

; FROM STRING INDICATED BY R0 TO 

; PRECISION INDICATED BY R2. 

; CHECK FOR SIGNED UNDERFLOW WHEN DONE. 



SUBSTR: CLR 



;BORROW =0. 
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SUBS1: 



MOV A,@R0 ;LOAD MINUEND BYTE 

SUBB A,@R1 ;SUBTRACT SUBTRAHEND BYTE 

MOV @R0,A ;STORE DIFFERENCE BYTE 

INC RO ;BUMP POINTERS TO NEXT PLACE 

INC R1 

DJNZ R2,SUBS1 ;LOOP UNTIL DONE 



WHEN DONE, TEST IF OVERFLOW OCCURRED 
ON LAST ITERATION OF LOOP. 

JNB OV,OV_OK 



OV-OK: RET 



(OVERFLOW RECOVERY ROUTINE) 
■RETURN 



9.0.3 Table Look-Up Sequences 

The two versions of the MOVC instructions 
are used as part of a three-step sequence to ac- 
cess look-up tables in ROM. To use the DPTR 
version, load the Data Pointer with the start- 
ing address of a look-up table; load the ac- 
cumulator with (or compute) the index of 
the entry desired; and execute MOVC 
A,@A + DPTR. The data pointer may be 
loaded with a constant for short tables, or to 
allow more complicated data structures, and 
tables with more than 256 entries, the values 
for DPH and DPL may be computed or 
modified with the standard arithmetic instruc- 
tion set. 

The PC-based version is used with smaller, 
"local" tables, and has the advantage of not af- 
fecting the data pointer. This makes it useful 
in interrupt routines or other situations where 
the DPTR contents might be significant. 
Again, a look-up sequence takes three steps: 
load the accumulator with the index; compen- 
sate for the offset from the look-up instruc- 
tion's address to the start of the table by add- 
ing that offset to the accumulator; then ex- 
ecute the MOVC A,@A + PC instruction. 



As a non-trivial situation where this instruc- 
tion would be used, consider applications 
which store large multi-dimensional look-up 
tables of dot matrix patterns, non-linear 
calibration parameters, and so on in the linear 
(one-dimensional) program memory. To 
retrieve data from the tables, variables 
representing matrix indices must be converted 
to the desired entry's memory address. For a 
matrix of dimensions (MDIMEN x NDIMEN) 
starting at address BASE and respective in- 
dices INDEXI and INDEX J, the address of 
element (INDEXI, INDEX J) is determined by 
the formula, 



Entry Address = 



[BASE + (NDIMEN 
INDEXI) + INDEXJ] 



The subroutine MATRX1 can access an entry 
in any array with less than 255 elements (e.g., 
an 11x21 array with 231 elements). The table 
entries are defined using the Data Byte ("DB") 
directive, and will be contained in the assembly 
object code as part of the accessing subroutine 
itself. 
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To handle the more general case, subroutine precision addition, and the data pointer-based 
MATRX2 allows tables to be unlimited in size, version of MOVC. The only restriction is that 
by combining the MUL instruction, double- each index be between and 255. 



MATRX1 LOAD CONSTANT READ FROM TWO DIMENSIONAL LOOK-UP 
TABLE IN PROGRAM MEMORY INTO ACCUMULATOR 
USING LOCAL TABLE LOOK UP INSTRUCTION, 'MOVC A,@A + PC. 
THE TOTAL NUMBER OF TABLE ENTRIES IS ASSUMED TO 
BE SMALL, I.E. LESS THAN ABOUT 255 ENTRIES. 
TABLE USED IN THIS EXAMPLE IS 11 x 21. 
DESIRED ENTRY ADDRESS IS GIVEN BY THE FORMULA, 



[(BASE ADDRESS) + (21 X INDEXI) + (INDEXJ)] 

aooJ sidsT £.u.G 

INDEXI EQU R6 ;FIRST COORDINATE OF ENTRY (0-10). 

INDEXJ DATA 23H ;SECOND COORDINATE OF ENTRY (0-20). 

MATRX1: MOV A, INDEXI 

MOV B, #21 

MUL AB ;(21 X INDEXI) 

ADD A, INDEXJ ;ADD IN OFFSET WITHIN ROW 

ALLOW FOR INSTRUCTION BYTE BETWEEN "MOVC" AND 





ENTRY (0,0). 




BASE1: 


INC 

MOVC 

RET 

DB 

DB 


A 

A,@A + PC 

1 
2 


;(entry 0,0) 
;(entry 0,1) 




DB 
DB 


21 
22 


;(entry 0,20) 
;(entry 1,0) 


1 
1 


DB 


42 


;(entry 1,20) 


9 

; 


DB 


231 


;(entry 10,20) 



- 
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MATRX2: MOV A.INDEXI ;LOAD FIRST COORDINATE 

MOV B,#NDIMEN 

MUL AB :INDEXI X NDIMEN 



ADD A,#LOW(BASE2) ;ADD IN 16-BIT BASE ADDRESS 
MOV DPL.A 



MOV AB 

ADDC A,#HIGH(BASE2) 

MOV DPH,A ;DPTR = (BASE ADDR) + (INDEXI + NDIMEN) 

MOV A.INDEXJ 

MOVC A,@A + DPTR ;ADD INDEXJ AND FETCH BYTE 

RET 



DB 







DB 







DB 







DB 







DB 








;(entry 0,0) 
;(entry 0,1) 

;(entry 0, NDIMEN-1) 
;(entry 1,0) 



;(entry 1, NDIMEN-1) 

DB ;(entry MDIMEN-1, NDIMEN-1) 

I4AW2 1 



9.0.4 Saving CPU Status during 
Interrupts 

When the 8051 hardware recognizes an inter- 
rupt request, program control branches 
automatically to the corresponding service 
routine, by forcing the CPU to process a Long 
CALL (LCALL) instruction to the ap- 
propriate address. The return address is stored 
on the top of the stack. After completing the 
service routine, an RETI instruction returns 
the processor to the background program at 
the point from which it was interrupted. 



Interrupt service routines must not change any 
variable or hardware registers modified by the 
main program, or else the program may not 
resume correctly. (Such a change might look 
like a spontaneous random error. An example 
of this will be given later in this section, in the 
second method of I/O port reconfiguration.) 
Resources used or altered by the service 
routine (Accumulator, PSW, etc.) must be 
saved and restored to their previous value 
before returning from the service routine. 
PUSH and POP provide an efficient and con- 
venient way to save such registers on the stack. 
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LOC_TMPEQU 

ORG 
LJMP 



ORG 

SERVER: PUSH 
PUSH 

PUSH 
PUSH 
PUSH 
MOV 



$ ;REMEMBER LOCATION COUNTER 

0003H 
SERVER 





LOC_TMP 

PSW 

ACC 

B 

DPL 
DPH 



STARTING ADDRESS FOR INTERRUPT ROUTINE 
;JUMP TO ACTUAL SERVICE ROUTINE LOCATE 
;ELSEWHERE 

;RESTORE LOCATION COUNTER 

;SAVE ACCUMULATOR (NOTE DIRECT ADDRESS 
;NOTATION) 
;SAVE B REGISTER 
;SAVE DATA POINTER 



POP 


DPH 


POP 


DPL 


POP 


B 


POP 


ACC 


POP 


PSW 


RET| 



PSW,#00001000B ;SELECT REGISTER BANK 1 

;RESTORE REGISTERS IN REVERSE ORDER 



;RESTORE PSW AND RE-SELECT ORIGINAL 
REGISTER BANK 

;RETURN TO MAIN PROGRAM AND RESTORE 
INTERRUPT LOGIC 



If the SP register held 1FH when the interrupt 
was detected, then while the service routine 
was in progress the stack would hold the 
registers shown in Figure 9-1; SP would con- 
tain 26H. This is the most general case; if the 
service routine doesn't alter the B-register and 
data pointer, for example, the instructions sav- 
ing and restoring those registers could be omit- 
tggs bns Jireiaffb fi£ ibhraiq lOH fane H8U1 

9.0.5 Passing Parameters on 
the Stack 

The stack may also pass parameters to and 
from subroutines. The subroutine can indirect- 
ly address the parameters derived from the 
contents of the stack pointer, or simply pop 
the stack into registers before processing. 



RAM 
ADDR 



26 H 
25H 
24H 
23H 
22H 
2,H 
20H 
1FH 







- 



PC (HIGH) 



Figure 9-1. Stack contents 
during interrupt 
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HEXASC: MOV 
DEC 
DEC 
XCH 

ANL 
ADD 
MOVC 
XCH 



R0,SP 
RO 
RO 

A,@R0 

A,#0FH 
A,#2 

A,@A + PC 
A,@R0 



ASCTBL: 



RET 
DB 
DB 
DB 
DB 

DB '4' 
DB 
DB 



'0' 
'1' 
'2' 
'3' 



;ACCESS LOCATION PARAMETER PUSHED INTO 

;READ INPUT PARAMETER AND SAVE AC- 
CUMULATOR 

;MASK ALL BUT LOW-ORDER 4 BITS 

;ALLOW FOR OFFSET FROM MOVC TO TABLE 

;READ LOOK-UP TABLE ENTRY 

;PASS BACK TRANSLATED VALUE AND RESTORE 

;ACCUMULATOR 

;RETURN TO BACKGROUND PROGRAM 



DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 



'5' 
'6' 
'7' 
'8' 
'9' 
'A' 
'B' 
'C 
'D' 
'E' 
'F' 



;ASCII CODE FOR 00H 
;ASCII CODE FOR 01 H 
;ASCII CODE FOR 02H 
;ASCII CODE FOR 03H 
;ASCII CODE FOR 04H 
ASCII CODE FOR 05H 
ASCII CODE FOR 06H 
ASCII CODE FOR 07H 
ASCII CODE FOR 08H 
ASCII CODE FOR 09H 
ASCII CODE FOR OAH 
ASCII CODE FOR OBH 
ASCII CODE FOR OCH 
ASCII CODE FOR ODH 
;ASCII CODE FOR OEH 
ASCII CODE FOR OFH 



One advantage here is simplicity. Variables 
need not be allocated for specific parameters, 
a potentially large number of parameters may 
be passed, and different calling programs may 
use different techniques for determining or 
handling the variables. 

For example, the subroutine HEXASC 
converts a hexadecimal value to ASCII code 
for its low-order digit. It first reads a 
parameter stored on the stack by the calling 
program, then uses the low-order bits to access 
a local 16-entry look-up table holding ASCII 
s, stores the appropriate code back in the 



stack and then returns. The accumulator 
contents are left unchanged. 

The background program may reach this 
subroutine with several different calling se- 
quences, all of which PUSH a value before call- 
ing the routine and POP the result to any 
destination register or port later. There is even 
the option of leaving a value on the stack if it 
won't be needed until later. The example below 
converts the three-digit BCD value computed in 
the Radix Conversion example above to a three- 
character string, calling a subroutine SP OUT 

an eight-bit code in the accumu 



to output 
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PUSH 


HUND 




CALL 


HEXASC 


;CONVERT HUNDREDS DIGIT 


POP 


ACC 




CALL 


SP_OUT 


TRANSMIT HUNDREDS CHARACTER 


PUSH 


TENONE 




CALL 


HEXASC 


;CONVERT ONE'S PLACE DIGIT 






;BUT LEAVE ON STACK! 


MOV 


A, TENONE 




SWAP 


A 


;RIGHT-JUSTIFY TEN'S PLACE 


PUSH 


ACC 


;CONVERT TEN'S PLACE DIGIT 


CALL 


HEXASC 




POP 


ACC 




CALL 


SP_OUT 


TRANSMIT TEN'S PLACE CHARACTER 


POP 


ACC 




CALL 


SP_OUT 


TRANSMIT ONE'S PLACE CHARACTER 



9.0.6 N-Way Branching 

There are several different means for 
branching to sections of code determined or 
selected at run time. (The single destination 
addresses incorporated into conditional and 
unconditional jumps are, of course, fixed at 
assembly time.) Each has advantages for 
different applications. 

In a typical N-way branch situation, the 
potential destinations are generally known at 
assembly time. One of a number of small 
routines is selected according to the value of an 
index variable determined while the program is 
running. The most efficient way to solve this 
problem is with the MOVC and an indirect 
jump instruction, using a short table of offset 
values in ROM to indicate the relative starting 
addresses of the several routines. 

JMP ©A + DPTR is an instruction which 




instruction adds the eight-bit unsigned 
accumulator contents with the contents of the 
sixteen-bit data pointer, just like MOVC 
A,@A + DPTR. The resulting sum is loaded 
into the program counter and is used as the 
address for subsequent instruction fetches. 
Again, a sixteen-bit addition is performed: a 
carry-out from the low-order eight-bits may 
propagate through the higher-order bits. In 
this case, neither the accumulator contents nor 
the data pointer is altered. 

The example subroutine below reads a byte of 
RAM into the accumulator from one of four 
alternate address spaces, as selected by the 
contents of the variable MEMSEL. The 
address of the byte to be read is determined by 
the contents of R0 (and optionally Rl). It 
might find use in a printing terminal 
application, where four different model 
printers all use the same ROM code but use 
different types (and sizes) of buffer memory 
for different speeds and options. 
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MEMSEL EQU R3 



MEMSPO-JMPTBL 
MEMSP1-JMPTBL 
MEMSP2-JMPTBL 
MEMSP3-JMPTBL 



JUMP_4: MOV A, MEMSEL 

MOV DPTR,#JMPTBL 

MOVC A,@A+ DPTR 

JMP @A+ DPTR 

JMPTBL: DB 
DB 
DB 
DB 

MEMSPO: MOV A,@R0 
RET 

MEMSP1: MOVX A,@R0 
RET 

MEMSP2: MOV DPL.RO 

MOV DPH.R1 

MOVX A,@DPTR 
RET 

MEMSP3: MOV A,R1 

ANL A,#07H 

ANL P1,#11111000B 

ORL P1,A 



;READ FROM INTERNAL RAM 
;READ 256 BYTE EXTERNAL RAM 
;READ 64K BYTE EXTERNAL RAM 

;READ 4K BYTE EXTERNAL RAM 



MOVX A,@R0 
RET 



To use this approach, the size of the jump 
table plus the length of the alternate routines 
must be less than 256 bytes. The jump table 
and routines may be located anywhere in pro- 
gram memory and are independent of 256-byte 
program memory pages. 



For applications where up to 128 destinations 
must be selected, all residing in the same 2K 
page of program memory, the following 
technique may be used. In the printing ter- 
minal example, this sequence could process 
128 different codes for ASCII characters arriv- 
ing via the 8051 serial port. 
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OPTION EQU R3 

\ ... J33M3M.A VOM :^_^MUL 

JMP128: MOV A.OPTION 

RL A ;MULTIPLY BY 2 FOR 2-BYTE JUMP TABLE 

MOV DPTR,#INSTBL ;FIRST ENTRY IN JUMP TABLE 

JMP @A+ DPTR ;JUMP INTO JUMP TABLE 

INSTBL: AJMP PROC00 ;128 CONSECUTIVE 

AJMP PROC01 ;AJMP INSTRUCTIONS 

AJMP PROC02 

; 

; 

AJMP PROC7E 

AJMP PROC7F 



The destinations in the jump table (PROC00- 
PROC7F) are not all necessarily unique 
routines. A large number of special control 
codes could each be processed with their own 
unique routine, with the remaining printing 
characters all causing a branch to a common 
routine for entering the character into the out- 
put queue. 



9.0.7 Computing Branch 

Destinations at Run Time 

In some rare situations, 128 options are insuf- 
ficient, the destination routines may cross a 2K 
page boundary, or a branch destination is not 
known at assembly time (for whatever reason), 
and therefore cannot be easily included in the 
assembled code. These situations can all be 



handled by computing the destination address 
at run-time with standard arithmetic or table 
look-up instructions, then performing an in- 
direct branch to that address. There are two 
simple ways to execute this last step, assuming 
the 16-bit destination address has already been 
computed. The first is to load the address into 
the DPH and DPL registers, clear the ac- 
cumulator and branch using the JMP 
@ A + DPTR instruction; the second is to push 
the destination address onto the stack, low- 
order byte first (so as to mimic a call instruc- 
tion) then pop that address into the PC by per- 
forming a return instruction. This also adjusts 
the stack pointer to its previous value. The 
code segment below illustrates the latter 
possibility. 



RTEMP 
JMP256: 



EQU 


R7 




MOV 


DPTR,#ADRTBL 


;FIRST ADDRESS TABLE ENTRY 


MOV 


A.OPTION 


;LOAD INDEX INTO TABLE 


CLR 


C 




RLC 


A 


;MULTIPLY BY 2 FOR 2-BYTE JUMP TABLE 


JNC 


LOW128 




INC 


DPH 


;FIX BASE IF INDEX >127. 
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MOV 


RTEMP.A 


;SAVE ADJUSTED ACC FOR SECOND READ 


INC 


A 


;READ LOW-ORDER BYTE FIRST 


MOVC 


A,@A+ DPTR 


;GET LOW-ORDER BYTE FROM TABLE 


PUSH 


ACC 




MOV 


A.RTEMP 


;RELOAD ADJUSTED ACC 


MOVC 


A,@A+ DPTR 


;GET HIGH-ORDERED BYTE FROM TABLE 


PUSH 


ACC 





THE TWO ACC PUSHES HAVE PRODUCED 

A "RETURN ADDRESS" ON THE STACK WHICH CORRESPONDS 
TO THE DESIRED STARTING ADDRESS. 
IT MAY BE REACHED BY POPPING THE STACK 
INTO THE PC. 
RET 
... 

... 

ADRTBL: DW PROC00 ;UP TO 256 CONSECUTIVE DATA 

DW PROC01 ;WORDS INDICATING STARTING ADDRESSES 

; 

; ... 

DW PROCFF 

; 



9.0.8 In-Line-Code Parameter 
Passing 

Parameters can be passed by loading ap- 
propriate registers with values before calling 
the subroutine. This technique is inefficient if 
a lot of the parameters are constants, since 
each would require a separate register to carry 
it, and a separate instruction to load the 
register each time the routine is called. 

If the routine is called frequently, a more code- 
efficient way to transfer constants is "in-line- 
code" parameter-passing. The constants are 
actually part of the program code, immediate- 
ly following the call instruction. The 
subroutine determines where to find them 
from the return address on the stack, and then 
reads the parameters it needs from program 
memory. 

For example, assume a utility named ADD- 



BCD adds a 16-bit packed-BCD constant with 
a two-byte BCD variable in internal RAM and 
stores the sum in a different two-byte buffer. 
The utility must be given the constant and both 
buffer addresses. Rather than using four 
working registers to carry this information, all 
four bytes could be inserted into program 
memory each time the utility is called. 
Specifically, the calling sequence below in- 
vokes the utility to add 1234 (decimal) with the 
string at internal RAM address 56H, and store 
the sum in a buffer at location 78H. 

The ADDBCD subroutine determines at what 
point the call was made by popping the return 
address from the stack into the data pointer 
high- and low-order bytes. A MOVC instruc- 
tion then reads the parameters from program 
memory as they are needed. When done, 
ADDBCD resumes execution by jumping to 
the instruction following the last parameter. 
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: , 



CALL ADDBCD 

DW 1234H 

DB 56H 

DB 78H 



BCD CONSTANT 
SOURCE STRING ADDRESS 
DESTINATION STRING ADDRESS 
CONTINUATION OF PROGRAM 



ADDBCD: 



POP 
POP 
MOV 
MOVC 
MOV 
MOV 
MOVC 
MOV 
MOV 
MOVC 
ADD 
DA 
MOV 
INC 
INC 
CLR 
MOVC 
ADDC 
DA 
MOV 
MOV 
JMP 




DPH 
DPL 

A,#2 

A,@A+ DPTR 
R0,A 

A,#3 

A,@A+ DPTR 

R1,A 

A,#1 

A,@A+ DPTR 

A,@R0 

A 

@R1,A 
RO 
R1 
A 

A,@A + DPTR 

A,@R0 

A 

@R1,A 
A,#4 

@A + DPTR 



;POP RETURN ADDRESS INTO DPTR 

;INDEX FOR SOURCE STRING PARAMETER 
;GET SOURCE STRING LOCATION 

;INDEX FOR DESTINATION STRING PARAMETER 
;GET DESTINATION ADDRESS 

;INDEX FOR 16-BIT CONSTANT LOW BYTE 
;GET LOW-ORDER VALUE 
;COMPUTE LOW-ORDER BYTE OF SUM 
;DECIMAL ADJUST FOR ADDITION 
;SAVE IN BUFFER 



;INDEX FOR HIGH-BYTE = 
;GET HIGH-ORDER CONSTANT 

DECIMAL ADJUST FOR ADDITION 
SAVE IN BUFFER 

INDEX FOR CONTINUATION OF PROGRAM 
JUMP BACK INTO MAIN PROGRAM 







This example illustrates several points: 



1) The "subroutine" does not end with a nor- 
mal return statement; instead, an indirect 
jump relative to the data pointer returns 
execution to the first instruction following 
the parameter list. The two initial POP in- 
structions correct the stack pointer con- 
tents. 



2) 
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Either an ACALL or LCALL works with 
the subroutine, since each pushes the ad- 
dress of the next instruction or data byte 
onto the stack. The call may be made from 
anywhere in the full 8051 address space, 
since the MOVC instruction accesses all 
64K bytes. 
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3) The parameters passed to the utility can be 
listed in whatever order is most convenient, 
which may not be that in which they're us- 
ed. The utility has essentially "random ac- 
cess" to the parameter list, by loading the 
appropriate constant into the accumulator 
before each MOVC instruction. 

4) Other than the data pointer, the whole call- 
ing and processing sequence only affects 
the accumulator, PSW and pointer 
registers. The utility could have pushed 
these registers onto the stack (after pop- 
ping the parameter list starting address), 
and popped before returning. 

Passing parameters through in-line-code can 
be used in conjunction with other variable 
passing techniques. 

The utility can also get input variables from 
working registers or from the stack, and return 
output variables to registers or to the stack. 

9.1 PERIPHERAL INTERFACING 
TECHNIQUES 



9.1.1 I/O Port Reconfiguration 
(First Approach) 

I/O ports must often transmit or receive 
parallel data in formats other than as eight-bit 
bytes. For example, if an application requires 
three five-bit latched output ports (called X, 
Y, and Z), these "virtual" ports could be 
mapped onto the pins of "physical" ports 1 and 
2 (see example at bottom of page). 

This pin assignment leaves P2.7 free for use as 
a test pin, input data pin, or control output 
through software. 

Notice that the bits of port Z are reversed. The 
highest-order port Z pin corresponds to pin 
P2.2, and the lowest-order pin of port Z is 
P2.6, due to P.C. board layout considerations. 
When connecting an 8051 to an immediately 
adjacent keyboard column decoder or another 
device with weighted inputs, the corresponding 
pins may not be aligned. The interconnections 
must be "scrambled" to compensate either with 
interwoven circuit board traces or through 
software (as shown on the next page). 



PORT "Z" 



PORT "Y" 



PORT "X" 





PZO 


PZ1 


PZ2 


PZ3 


PZ4 


PY4 


PY3 


PY2 


PY1 


PYO 


PX4 


PX3 


PX2 


PX1 


PXO 


P2.7 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


P1.7 


P1.6 


P1.5 


P1.4 


PI. 3 


P1.2 


Pl.l 


P1.0 
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PX_MAP DATA 20H 

PY_MAP DATA 21 H 

PZ_MAP DATA 22H 

OUT_PX: ANL A,#00011111B 

MOV PX_MAP,A 

ACALL OUT_P1 
RET 



;CLEAR BITS ACC.7 ■ ACC. 5 
;SAVE DATA IN MAP BYTE 
;UPDATE PORT 1 OUTPUT LATCH 



OUT_PY: MOV PY_MAP,A 
ACALL OUT_P1 



;SAVE IN MAP BYTE 
;UPDATE PORT 1 
ACALL OUT_P2 ;AND PORT 2 OUTPUT LATCHES 

RET 



OUT_PZ: MOV PZ_MAP,A 
ACALL OUT_P2 



RET 



OUT_P1: MOV 
SWAP 
RL 
ANL 
ORL 
MOV 
RET 



A,PY_MAP 

A 

A 

A,#11100000B 
A,PX_MAP 
P1,A 



;SAVE DATA IN MAP BYTE 
;UPDATE PORT 2. 

;OUTPUT ALL P1 BITS 

;SHIFT PY_MAP LEFT 5 BITS 
;MASK OUT GARBAGE 



;INCLUDE PX_MAP BITS 



' Q i 



OUT_P2: MOV 


C,PZ_MAP.O 


;LOAD CY WITH P2.6 BIT 


RLC 


A 


;AND SHIFT INTO ACC. 


MOV 


C,PZ_MAP.1 


;LOAD CY WITH P2.5 BIT 


RLC 


A 


;AND SHIFT INTO ACC. 


MOV C,PZ_MAP.2 


;LOAD CY WITH P2.4 BIT 




A 


;AND SHIFT INTO ACC. 


MOV 


C,PZ_MAP.3 


;LOAD CY WITH P2.3 BIT 


RLC 


A 


;AND SHIFT INTO ACC. 


MOV 


C,PZ_MAP.4 


;LOAD CY WITH P2.2 BIT 


RLC 


A 


;AND SHIFT INTO ACC. 


MOV 


C,PZ_MAP.4 


;LOAD CY WITH P2.1 BIT 


RLC 


A 


;AND SHIFT INTO ACC. 


MOV 


C,PZ_MAP.3 


;LOAD CY WITH P2.0 BIT 


RLC 


A 


;AND SHIFT INTO ACC. 


SETB 


ACC.7 


;(ASSUMING INPUT ON P2.7) 


MOV 


P2.A 




RET 
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Writing to the virtual ports must not affect any 
other pins. Since the virtual output algorithms 
are non-trivial, a subroutine is needed for each 
port: OUT_PX, OUT_PY and OUT_PZ. 
Each is called with data to output right- 
justified in the accumulator, and any data in 
bits ACC.7-ACC.5 is insignificant. Each 
subroutine saves the data in a "map" variable 
for the virtual port, then calls other 
subroutines which use the data in the various 
map bytes to compute and output the eight-bit 
pattern needed for each physical port affected. 
The two level structure of the above 
subroutines can be modified somewhat if code 
efficiency and execution speed are critical: 
incorporate the code shown as subroutines 
OUT_Pl and OUT_P2 directly into the code 
for OUT_PX and OUT_PZ, in place of the 

corresponding AC ALL instructions. OUT 

PY would not be changed, but now the 
destinations for its ACALL instructions would 

be alternate entry points in OUT PX and 

OUT PZ, instead of isolated subroutines. 

9.1.2 I/O Port Configuration 
(Second Approach) 

A trickier situation arises if two sections of 
code which write to the same port or register, 
or call virtual output routines like those above, 
need to be executed at different interrupt 
levels. For example, suppose the background 
program wants to rewrite Port X (using the 
port associations in the previous example), and 
has computed the bit pattern needed for PI. 
An interrupt is detected just before the MOV 



PI, A instruction, and the service routine tries 
to write Port Y. The service routine would 
correctly update PI and P2, but upon 
returning to the background program PI is 
immediately re-written with the data computed 
before the interrupt! Now pins P2.1 and P2.0 
indicate (correctly) data written to port Y in 
the interrupt routine, but the earlier data 
written to P1.7-P1.5 is no longer valid. The 
same sort of confusion could arise if a high- 
level interrupt disrupted such an output 



ence. 



One solution is to disable interrupts around 
any section of code which must not be 
interrupted (called a "critical section"), but this 
would adversely affect interrupt latency. 
Another is to have interrupt routines set or 
clear a flag ("semaphore") when a common 
resource is altered - a rather complex and 
elaborate system. 

An easier way to ensure that any instruction 
which writes the port X field of PI does not 
change the port Y field pins from their state at 
the beginning of that instruction, is shown 
next. A number of 8051 operations read, 
modify, and write the output port latches all in 
one instruction. These are the arithmetic and 
logical instructions (INC, DEC, ANL, ORL, 
etc.), where an addressed byte is both the 
destination variable and one of the source 
operands. Using these instructions, instead of 
data moves, eliminates the critical section 
problem entirely. 
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OUT_PX: ANL 
ORL 
RET 



P1,#11100000B 
P1,A 



;CLEAR BITS P1.4 ■ P1.0 

;SET P1 PIN FOR EACH ACC BIT SET 



1 

. 

1 










OUT_ 


PY: 


MOV 


B,#20H 








MUL 


AB 


;SHIFT B A LEFT 5 BITS. 






ANL 


P1,#00011111B 


;CLEAR PY FIELD OF PORT 1 






ORL 


P1,A 


;SET PY BITS ON PORT 1 






MUV 


A,B 


;LOAD 2 BITS SHIFTED INTO B 






ANL 


P2,#11111100B ;AND UPDATE P2 






ORL 


P2,A 








RET 






OUT_ 


PZ: 


RRC 


A 


;MOVE ORIGINAL ACC.O INTO CY 




MOV 


P2.6,C 


;AND STORE TO PIN P2.6. 






RRC 


A 


;MOVE ORIGINAL ACC.1 INTO CY 






MOV 


P2.5,C 


;AND STORE TO PIN P2.5. 






RCC 


A 


;MOVE ORIGINAL ACC. 2 INTO CY 






MOV 


P2.4.C 


;AND STORE TO PIN P2.4. 






RRC 


A 


;MOVE ORIGINAL ACC.3 INTO CY 






MOV 


P2.3,C 


;AND STORE TO PIN P2.3. 






RRC 


A 


;MOVE ORIGINAL ACC.4 INTO CY 






MOV 


P2.2,C 


;AND STORE TO PIN P2.2. 






RET 







9.1.3 8243 Interfacing 

The 805 l's quasi-bidirectional port structure 
lets each I/O pin input data, output data, or 
serve as a test pin or output strobe under 
software control. An example of these modes 
operating in conjunction is the host-processor 




interface expected by an 8243 I/O expander. 
Even though the 8051 does not include 
8048-type instructions for interfacing with an 
8243, the parts can be interconnected and the 
protocol may be emulated with simple 
software; see Figure 9-2. 











JN8243 INPUT DATA FROM AN 8243 I/O EXPANDER 
CONNECTED TO P23-P20. 
P25 & P24 MIMIC CS &PROG. 
P27-P26 USED AS INPUTS. CODE FOR 
PORT TO BE READ IN ACC.1-ACC.0 
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PROG BIT P2.4 



;SYMBOLIC PIN DESCRIPTION 



IN8243: 



ORL 

MOV 

CLR 

ORL 

MOV 

ORL 



A,#11010000B 

P2,A 

PROG 

P2,#00001111B 
A,P2 

P2,#00110000B 



;SET PROG AND PINS USED AS INPUT 
;OUTPUT PORT CODE AND OPERATION CODE 
;LOWER PROG TO LATCH ADDRESS 
■SET LOW ORDER PINS FOR INPUT 
;READ IN PORT DATA 
;SET PROG AND CS HIGH 



9.1.4 Software Delay Timing 

Many 8051 applications involve exact control 
over output timing. A software-generated 
output strobe, for instance, might have to be 
exactly 50 Msec. wide. The DJNZ operation 
can insert a one instruction software delay into 

CLR WR 

MOV R2,#24 

DJNZ $2,$ 

SETB WR 



a piece of code, adding a moderate time delay 
of two instruction cycles per iteration. For 
example, two instructions can add a 49-^sec. 
software delay loop to code to generate a rJulse 
on the WR pin. 



8351 
8751 



P2.7 
P2.6 
P2.5 
P2.4 

P2.3 
P2.2 
P2.1 
P2.0 



^ } INPUTS 


S243 

P4 

CS P5 
PROG 








P23 P6 




P22 




P21 

P20 P* 





Figure 9-2 Connecting an 8051 with an 
8243 I/O Expander 

The dollar sign in this example is a special 
character meaning "the address of this 
instruction." It can be used to eliminate 
instruction labels on nearby source lines. 

9.1.5 Serial Port and Timer 
Configuration 

Configuring the 805 l's Serial Port for a given 
data rate and protocol requires essentially 
three short sections of software. On power-up 
or hardware reset the serial port and timer 



control words must be initialized to the 
appropriate values. Additional software is also 
needed in the transmit routine to load the 
serial port data register and in the receive 
routine to unload the data as it arrives. 
To choose one arbitrary example, assume the 
8051 should communicate with a standard 
CRT operating at 2400 baud (bits per second). 
Each character is transmitted as seven data 
bits, odd parity, and one stop bit. The 
resulting character rate is 2400 baud/9 bits, 
approximately 265 characters per second. 

For the sake of clarity, the transmit and 
receive subroutines here are driven by simple- 
minded software status polling code rather 
than interrupts. The serial port must be 
initialized to 8-bit UART mode (SM0, SMI = 
01), enabled to receive all messages (SM2 = 0, 
REN =1). The flag indicating that the transmit 
register is free for more data will be artificially 
set in order to let the output software know the 
output register is available. All this can be set 
up with instruction at label SPINIT. 
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Timer 1 will be used in auto-reload mode as a which equals 13 (actually, 13.02) instruction 



baud rate generator. To achieve a data rate of 
2400 baud, the timer must divide the 1MHz 
internal clock by 

1 x 1Q6 
(32) (2400) 



cycles. The timer must reload the value —13, 
or 0F3H, as shown by the code at label 
TIINIT. (ASM51 will accept both the signed 
decimal or hexadecimal representations.) 



; INITIALIZE SERIAL PORT 

; FOR 8-BIT UART MODE 

; & SET TRANSMIT READY FLAG. 

SPINIT: MOV SCON,#01010010B 
; INITIALIZE TIMER 1 FOR 

; AUTO-RELOAD AT 32 X 2400HZ 

; (TO USED AS GATED 16-BIT COUNTER.) 

;TIINIT: MOV TCON,#11010010B 

MOV TH1,#13 

SETB TR1 



9.1.6 Simple Serial I/O Drivers 

SP OUT is a simple subroutine to transmit 

the character passed to it in the accumulator. 
First it must compute the parity bit, insert it 
into the data byte, wait until the transmitter is 
available, output the character, and then 
return. 



SP IN is an equally simple routine which 

waits until a character is received, sets the 
carry flag if there is an odd-parity error, and 
returns the masked seven-bit code in the 
accumulator. 



;SP_OUT ADD ODD PARITY TO ACC AND 
; TRANSMIT WHEN SERIAL PORT READY 

SP_OUT: MOV C,P 
CPL C 

IT ?. c s C7 ' c 

CLR Tl 
MOV SBUF.A 
RET 

; 

9-18 AFN 02174A 



MCS-51 APPLICATION EXAMPLES 





SP_IN INPUT NEXT CHARACTER FROM SERIAL PORT. 
SET CARRY IF ODD-PARITY ERROR 

SP_IN: JNB Rl,$ 
CLR Rl 
MOV A.SBUF 



MOV C,P 







CPL C 
ANL A,#7FH 
RET 



9.1.7 Transmitting Serial Port 
Character Strings 

Any application which transmits characters 
through a serial port to an ASCII output 
device will on occasion need to output 



"canned" messages, including error messages, 
diagnostics, or operator instructions. These 
character strings are most easily defined with 
in-line data bytes defined with the DB direc- 
tive. 





CR 


EQU 


ODH 


;ASCII CARRIAGE RET 


LF 


EQU 


OAH 


;ASCII LINE FEED 


ESC 


EQU 


1BH 


;ASCII ESCAPE CODE 


» 


CALL 


XSTRING 






DB 


CR.LF 


;NEW LINE 




DB 


'INTEL DELIVERS' 


; MESSAGE 




DB 


ESC 


;ESCAPE CHARACTER 



(CONTINUATION OF PROGRAM) 

XSTRING: POP DPH 
XSTR_1: 



POP 


DPL 


CLR 


A 


MOVC 


A,@A + DPTR 


JNB 


Tl,$ 


CLR 


Tl 


MOV 


SBUF,A 


INC 


DPTR 


CLR 


A 


MOVC 


A,@A + DPTR 


CJNE 


A,#ESC,XSTR_2 


MOV 


A,#1 


JMP 


@A+ DPTR 



;LOAD DPTR WITH FIRST CHARACTER 
;(ZERO OFFSET) 

;FETCH FIRST CHARACTER OF STRING 
;WAIT UNTIL TRANSMITTER READY 
;MARK AS NOT READY 
;OUTPUT NEXT CHARACTER 
;BUMP POINTER 



;GET NEXT OUTPUT CHARACTER 
;LOOP UNTIL ESCAPE READ 

;RETURN TO CODE AFTER ESCAPE 
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9.1.8 Recognizing and Processing 
Special Cases 

Before operating on the data it receives, a 
subroutine might give "special handling" to 
certain input values. Consider a word process- 
ing device which receives ASCII characters 
through the 8051 serial port and drives a ther- 
mal hard-copy printer. A standard routine 
translates most printing characters to bit pat- 



terns, but certain control characters (<DEL>, 
<CR>, <LF>, <BEL>,<ESC>, or <SP>) must in- 
voke corresponding special routines. Any 
other character with an ASCII code less than 
20H should be translated into the <NUL> 
value, 0OH, and processed with the printing 
characters. The CINE operation provides 
essentially a one-instruction CASE statement. 



CHAR EQU R7 

INTERP: CJNE CHAR,#7FH, INTP_1 

I — .svil 

RET 

INTP_1: CJNE CHAR,#07H,INTP_2 
RET 

INTP_2: CJNE CHAR,#0AH,.NTP_3 
RET 

INTP_3: CJNE CHAR,#0DH,INTP_4 



RET 

INTP_4: CJNE CHAR,#1BH,INTP_5 



RET 

INTP_5: CJNE CHAR,#20H,INTP_6 





RET 

INTP_6: JC PRINTC 



MOV CHAR,#0 



i"32 



PRINTC: 



RET 



7TAH0 TX3v1 TD^TUO; 



9 

CHARACTER CODE VARIABLE 

;SKIP UNLESS RUBOUT 

(SPECIAL ROUTINE FOR RUBOUT CODE) 

;SKIP UNLESS BELL 

(SPECIAL ROUTINE FOR BELL CODE) 

;SKIP UNLESS LFEED 

(SPECIAL ROUTINE FOR LFEED CODE) 

- 

;SKIP UNLESS RETURN 

(SPECIAL ROUTINE FOR RETURN CODE) 

;SKIP UNLESS ESCAPE 

(SPECIAL ROUTINE FOR ESCAPE CODE) 

;SKIP UNLESS SPACE 

(SPECIAL ROUTINE FOR SPACE CODE) 

JUMP IF CODE 20 H 

REPLACE CONTROL CHARACTER WITH 

NULL CODE 

PROCESS STANDARD PRINTING 
;CHARACTER 





S_flT8X.C 
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9.1.9 Synchronizing Timer 
Overflows 

8051 timer overflows automatically generate 
an internal interrupt request, which will vector 
program execution to the appropriate inter- 
rupt service routine if interrupts are enabled 
and no other service routines are in progress at 
the time. However, it is not predictable exactly 
how long it will take to reach- the service 
routine. The service routine call takes two in- 
struction cycles, but 1 , 2, or 4 additional cycles 
may be needed to complete the instruction in 
progress. If the background program ever 
disables interrupts, the response latency could 
further increase by a few instruction cycles. 
(Critical sections generally involve simple in- 
struction sequences — rarely multiplies or 
divides.) Interrupt response delay is generally 
negligible, but certain time-critical application 
must take the exact delay into account. For ex- 
ample, generating interrupts with timer 1 every 
millisecond (1000 instruction cycles) or so 



CLR 


EA 


CLR 


TR1 


MOV 


A,#LOW(-1000 + 7) 


ADD 


A.TL1 


MOV 


TL1,A 


MOV 


A,#HIGH(-1000 + 7) 


ADDC 


A.TH1 


MOV 


TH1,A 


SETB 


TR1 



would normally call for reloading it with the 
value - 1000 (0FC30H). But if the interrupt 
interval (average over time) must be accurate 
to 1 instruction cycle, the 16-bit value reload 
into the timer must be computed, taking into 
account when the timer actually overflowed. 

This simply requires reading the appropriate 
timer, which has been incremented each cycle 
since the overflow occurred. A sequence like 
the one below can stop the timer, compute 
how much time should elapse before the next 
interrupt, and reload and restart the timer. 
The double-precision calculation shown here 
compensates for any amount of timer overrun 
within the maximum interval. Note that it also 
takes into account that the timer is stopped for 
seven instruction cycles in the process. All in- 
terrupts are disabled, so a higher priority re- 
quest will not be able to disrupt the time- 
critical code section. 





'.DISABLE ALL INTERRUPTS 
;STOP TIMER 1 

;LOAD LOW-ORDER DESIRED COUNT 
;CORRECT FOR TIMER OVERRUN 
;RELOAD LOW-ORDER BYTE. 
;REPEAT FOR HIGH-ORDER BYTE. 

;RESTART TIMER 
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return in <R1/ <R0> a sixteen-bit value in- 
dicating the count in timer 0. The instant at 
which the count was sampled is not as critical 
as the fact that the value returned must have 
been valid at some point while the routine was 
in progress. There is a potential problem that 
between reading the two halves, a low-order 
register overflow might increment the high- 
order register, and the two data bytes returned 
would be "out of phase." The solution is to 
read the high-order byte first, then the low- 
order byte, and then confirm that the high- 
order byte has not changed. If it has, repeat 
the whole process. 



R DTI ME: MOV A,TH0 ;SAMPLE TIMERO (HIGH) 

MOV RO.TLO ;SAMPLE TIMERO (LOW) 

CJNE AJHO.RDTIME ;REPEAT IF NECESSARY 

MOV R1.A ;STORE VALID READ 
RET 



9.2 CONNECTING TO 
PERIPHERALS 



This section shows in very general terms some 
basic circuits for expanding the 8051 Family. 






The schematics included in this chapter should 






give the designer and insight into connecting 




aaA 


external peripherals and memories to the 8051. 




VOM 


I 


- 














- 


R3MIT TRAT33H: 







9.1.10 Reading a Timer/Counter 
"Onthe-Fly" 

The preceding example simply stopped the 
timer before changing its contents. This is nor- 
mally done when reloading a timer so that the 
time at which the timer is started (i.e. the "run" 
flag is set) can be exactly controlled. There are 
situations, though, when it is desired to read 
the current count without disrupting the tim- 
ing process. The 8051 timer/counter registers 
can all be read or written while they are run- 
ning, but a few precautions must be taken. 

Suppose the subroutine RDTIME should 
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A.*1 10100008 

P2.A ;OUTPUT INSTRUCTION CODE 
P2,4 ;FALLING EDGE OF PROG 
P2,*0000111ia .SET FOR INPUT 
A.P2 READ INPUT DATA 
P2.A ;RETURN PROG HIGH 



Figure 9-3. I/O Expansion Using an 8243 
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Figure 9-4. External Program Memory Using a 2716 
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Figure 9-5. External Program Memory Using a 2732 
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Figure 9-6. Adding a Data Memory and I/O Expander 
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Figure 9-7. The Three-Chip System 
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Figure 9-8. Multiple 8051's Using Half-Duplex Serial Communication 
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Figure 9-9. Multiple Interrupt Sources 
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Microcontroller 
Specifications 



HMOS SINGLE-COMPONENT 8-BIT MICROCOMPUTER 



■ 8-bit CPU, ROM, RAM, I/O in Single 
20-pin Dip 

■ Single +5V Supply ( + 4.5V to 6.5V) 

■ 8.38 M sec Cycle with 3.58 MHz XTAL. 
All instructions 1 or 2 cycles. 

■ Instructions — 8048 Subset 

■ Zero-Cross Detection Capability 



■ 1Kx8 ROM 
64 x 8 RAM 
13 I/O Lines 

■ Internal Timer/Counter 

■ 30mA Operation @ 25°C 

■ Clock Generated with Single Inductor, 
Resistor or Crystal 



The Intel 8020H is a 20-pin DIP version of the Intel 8021 H. This totally self-sufficient 8-bit parallel com- 
puter is fabricated on a single silicon chip using Intel's advanced N-channel silicon gate HMOS process. 

The 8020H is designed for high-volume cost-sensitive applications such as home entertainment pro- 
ducts, appliances and simple control tasks. In addition to its significant board real estate savings, the 
8020H has a subset of the industry standard 8048 instruction set optimized for byte efficiency and 
control. 

The 8020H also features a 1K x 8 program memory, 64 x 8 data memory, 13 I/O lines and an 8-bit timer/ 
counter with on-board oscillator and clock circuits. Standard low cost TTL can be used to expand the 
number of I/O lines. 

To minimize development problems and maximize flexibility, an 8020H system can be easily designed 
using the EM-2 emulator board and an 8020H pin scrambler interface. 

For a complete summary of 8020H operating characteristics, refer to the 8021 H data sheet. 
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Figure 1. 
Block Diagram 



Figure 2. 
Logic Symbol 



Figure 3. Pin 
Configuration 
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Table 1. Pin Description 



Symbol 


Pin No. 


Function 


v S s 


15 


Circuit GND potential 


vcc 


4 


+5V power supply 


PROG 


5 


Output pin used to dump internal ROM and to activate CPU checkout. 


rUU-rUr 
Port 


6-13 


8-bit quasi-bidirectional port 


P3-P17 
Port 1 


19-20 
1-3 


5-bit quasi-bidirectional port 


T1 


14 


Input pin testable using the JT1 and JNT1 instructions. Can be designated the timer/event 
counter input using the STRT CNT instruction. Also allows zero-crossover sensing of slowly 
moving AC inputs 


RESET 


18 


Input used to initialize the processor by clearing status flip-flops and setting program 
counters to zero. (Active High). 






XTAL1 


16 


One side of crystal or inductor input for internal oscillator. Also input for external source. 
(Not TTL compatible.) 

— - ' 


XTAL2 


17 


Other side of timing control element. 



Mnemonic 

ADDA. R 
ADD A, @R 
ADD A. # data 
ADDCA. R 
ADDC A. @R 
ADDC A. # data 
ANL A, R 
ANL A, @R 
ANL A, # data 
ORLA. R 
ORL A. @R 
ORL A. # data 
XRL A, R 
XRL A. @R 
XRL A, # data 
INC A 
DEC A 
CLR A 
CPL A 
DA A 
SWAP A 
RL A 
RLC A 
RR A 
RRC A 



Description 

Add register to A 
Add data memory to A 
Add immediate to A 
Add with carry 
Add with carry 
Add with carry 
And register to A 
And data memory to A 
And immediate to A 
Or register to A 
Or data memory to A 
Or immediate to A 
Exclusive or register to A 
Exclusive or data memory to A 
Exclusive or immediate to A 
Increment A 
Decrement A 
Clear A 
Complement A 
Decimal Adjust A 
Swap nibles of A 
Rotate A left 

Rotate A left through carry 
Rotate A right 

Rotate A right through carry 



Bytes Cycles 











ction Set 








Registers 








Mnemonic 


Description 


Bytes Cycles 


INC R 


Increment register 


1 


1 


INC@R 


Increment data memory 


1 


1 












Mnemonic 


Description 


Bytes Cycles 


JMF> addr 


Jump unconditional 


2 


2 


JMPP @A 


Jump indirect 


1 


2 


DJNZ R. addr 


Decrement register and Jump 


2 


2 




on R not zero 






JC addr 


Jump on Carry = 1 


2 


2 


JNC addr 


Jump on Carry = 


2 


2 


JZaddr 


Jump on A Zero 


2 


2 


JNZaddr 


Jump on A not Zero 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


JNT1 addr 


Jump on T1 = 


2 


2 


JTF addr 


Jump on timer flag 


2 


2 




Subroutine 








Mnemonic 


Description 


Bytes Cycles 


CALL 


Jump to subroutine 


2 


2 


RET 


Return 


1 


2 



Input/Output 










Flags 








Mnemonic 


Description 




Bytes Cycles 




Mnemonics 


Description 




Bytes Cycles 


IN A, P 


Input port to A 




1 2 




CLR C 


Clear Carry 




1 1 


OUTL P. A 


Output A to port 




1 2 




CPLC 


Complement Carry 




1 1 
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Table 2. Instruction Set Summary (cont.) 



MOV A, R 
MOV A. @R 
MOV A. » data 
MOV R. A 
MOV @R, A 
MOV R. # data 
MOV (SR. #data 

XCH A. R 
XCH A. @R 
XCHD A. @R 

MOVPA. @A 



Description 

Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data 
memory 

Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and 
register 

Move to A from current page 



Bytes Cycles 



2 
1 
1 
2 

2 



Timer/Counter 



MOV A. T 
MOV T. A 
STRTT 
STRT CNT 
STOP TCNT 



Read Timer/Counter 
Load Timer/Counter 
Start Timer 
Start Counter 
Stop Timer/Counter 



Bytes Cycles 



Mnemonics Description Bytes Cycles 

NOP No Operation 1 1 







- 
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HMOS SINGLE-COMPONENT 8-BIT MICROCOMPUTER 



■ 8-Bit CPU, ROM, RAM, I/O in Single 
28-Pin Package 

■ Single 5V Supply (+4.5V to 6.5V) 

■ 8.38 /usee Cycle with 3.58 MHz XTAL; All 
instructions 1 or 2 Cycles 

■ 30mA Operation @ 25°C 

■ Instructions— 8048 Subset 

■ High Current Drive Capability— 2 Pins 



■ 1K x 8 ROM 

64 x 8 RAM 
21 I/O Lines 

■ Interval Timer/Event Counter 

■ Clock Generated with Single Inductor, 
Resistor or Crystal 

■ Zero-Cross Detection Capability 

■ Easily Expandable I/O 



The Intel® 8021 H is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip us- 
ing Intel's advanced N-channel silicon gate HMOS process. The features of the 8021H include a subset 
of the 8048 features optimized for low cost, high volume applications, plus additional I/O flexibility and 
power. 

The 8021 H contains 1K x 8 program memory, 64 x 8 data memory, 21 I/O lines, and an 8-bit timer/event 
counter, in addition to on-board oscillator and clock circuits. For systems that require extra I/O capabili- 
ty, the 8021 H can be expanded using the 8243 or discrete logic. 

This microcomputer is designed to be an efficient controller as well as an arithmetic processor. The 
8021 H has bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single-byte instructions and no in- 
structions over two bytes in length. 

To minimize development problems and maximize flexibility, an 8021 H system can be easily designed 
using the 8022 emulation board, the EM-2. 
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Table 1. Pin Description 



Symbol 


Pin No. 


Function 


Vss 


14 


Circuit GND potential 


Vcc 


28 


+5V power supply 


PROG 


3 


Output Strobe for 8243 I/O Expander 


P0O-P07 


4-11 


8-bit quasi-bidirectional port 


Port 






P10-P17 
Port 1 


18-25 


8-bit quasi-bidirectional port 


P20-P23 
Port 2 


26-27 
1-2 


4-bit quasi-bidirectional port P20-P23 also serve as a 4-bit I/O expander bus for 8243 


T1 


13 




Input pin testable using the JT1 and JNT1 instructions. Can be designated the timer/event 
counter input using the STRT CNT instructions. Also allows zero-crossover sensing of slowly 
moving AC inputs. 


RESET 


17 


Input used to initialize the processor by clearing status flip-flops and setting program 
counters to zero. (Active high). 


ALE 


12 


Address Latch Enable. Signal occurring once every 30 input clocks, used as an output clock. 


XTAL1 


15 


One side of crystal resistor or inductor input for internal oscillator. Also input for 

external source. (Not TTL compatible.) 

: _ ; 


XTAL2 


16 


Other side of timing control element. 



Table 2. Instruction Set Summary 



Accumulator 



Bytes Cycles 



ADD A. R 
ADD A, @R 
ADD A, # data 
ADDC A. R 
ADDC A. @R 
ADDC A, ft data 
ANL A, R 
AN LA, @R 
ANIL A. » data 
ORL A, R 
ORL A, @R 
ORL A. # data 
XRL A, R 
XRL A, @R 
XRL A, » data 
INC A 
DEC A 
CLR A 
CPL A 
DA A 
SWAP A 
RLA 
RLC A 
RR A 
RRC A 



Add register to A 
Add data memory to A 
Add immediate to A 
Add with carry 
Add with carry 
Add with carry 
And register to A 
And data memory to A 
And immediate to A 
Or register to A 
Or data memory to A 
Or immediate to A 
Exclusive or register to A 
Exclusive or data memory to A 
Exclusive or immediate to A 
Increment A 
Decrement A 
Clear A 
Complement A 
Decimal Adjust A 
Swap nibbles of A 
Rotate A left 
Rotate A left through carry 
Rotate A right 

Rotate A right through carry 



: 



Registers 

Mnemonic 

INC R 
INC @R 



Increment register 
Increment data memory 



1 
1 



Input/Output 






Mnemonic 


Description 


Bytes Cycles 


IN A, P 


Input port to A 


1 2 


OUTL P. A 


Output A to port 


1 2 


MOVDA, P 


Input Expander port to A 


1 2 


MOVD P, A 


Output A to Expander port 


1 2 


ANLD P, A 


And A to Expander port 


1 2 


ORLD P, A 


Or A to Expander port 


1 2 





Branch 






Mnemonic 


Description 


Bytes Cycles 


JMPaddr 
JMPP @A 
DJNZR.addr 


Jump unconditional 
Jump indirect 

Decrement register and Jump 
on R not zero 


2 2 

1 2 

2 2 




Branch 


Description 

Jump on Carry = 1 


Bytes Cycles 

2 2 


Mnemonic 

JC addr 


JNC addr 
JZ addr 
JNZ addr 
JT1 addr 


Jump on Carry = 
Jump on A Zero 
Jump on A not Zero 
Jump on T1 - 1 
Jump on T1 = 
Jump on timer flag 


2 2 
2 2 
2 2 
2 2 
2 2 
2 2 


JNT1 addr 
JTF addr 




Subroutine 


Mnemonic 

CALL 
RET 


Description 

Jump to subroutine 
Return 


Bytes Cycles 

2 2 
1 2 



Flags 










Mnemonic 


Description 


Bytes Cycles 


CLRC 


Clear Carry 


1 1 


CPLC 


Complement Carry 


1 1 
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Table 2. Instruction Set Summary (cont.) 



Data Moves 




Timer/Counter 


Mnemonic 

MOV A, R 
MOV A. @R 


Description 

Move register to A 
Move data memory to A 


Bytes Cycles 




Mnemonic 

MOV A, T 
MOV T. A 


Description 




Bytes Cycles 


i 
1 


i 
1 




Read Timer/Counter 
Load Timer/Counter 




1 1 
1 1 


MOV A. # data 
MOV R, A 


Move immediate to A 
Move A to register 


2 
1 


2 
1 




STRTT 
STRT CNT 


Start Timer 
Start Counter 




1 1 
1 1 


MOV @R, A 
MOV R. # data 
MOV @R, # data 


Move A to data memory 
Move immediate to register 


1 
2 


1 

2 




STOP TCNT 


Stop Timer/Counter 














Move immediate to data 


2 


2 






XCH A, R 
XCH A. @R 


memory 

Exchange A and register 
Exchange A and data memory 


1 
1 


1 
1 




Mnemonic 

NOP 


Description 

No Operation 




Bytes Cycles 

1 1 


XCHD A, @R 
MOVP A. OA 


Exchange nibble of A and 
register 

Move to A from current oaae 


1 
1 


1 

2 































'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
fW— li~; .eO reliability. .•» 

D.C. CHARACTERISTICS (T A = 0°C to 70° C, Vcc = 5.5V ± 1V, Vss = 0V) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Tj/f 




Max 


VlL 


Input Low Voltage 


-0.5 






0.8 


V 




V| H 


Input High Voltage (All except 
XTAL1 &2, T1, RESET) 


3.0 






vcc 


V 




V,H1 


Input High Voltage (XTAL 1 & 2. T1, 
RESET) 


3.8 




vcc 


V 




V|H(10%) 


Input High Voltage (All except 
XTAL 1 &2, T1, RESET) 


2.0 






vcc 


V 


Vcc = 5.0V ± 10% 


V|H1(10%) 


Input High Voltage (XTAL 1 & 2, T1, 
RESET) 


3.5 




vcc 


V 


Vcc = 5.0V ± 10% 


vol 


Output Low Voltage 






0.45 


V 


lOL + 1-6 m A 


V 0L1 


Output Low Voltage (P10, P11) 






2.5 


V 


lOL = 7 mA 


VOH 


Output High Voltage (All unless 
Open Drain) 


2.4 






V 


lOH " 40£<A 


i|_o 


Output Leakage Current (Open 
Drain Option— Port 0) 








±10 


M 


Vss + 0-4 < V| N < Vcc 


'cc 


Vqc Supply Current 




30 




60 


mA 








T1 ZERO CROSS CHARACTERISTICS (T A = 0°C to 70° C, 




Vcc " 5 5V ± 1 V, V S s = 0V, C L - 80 pF) 


Symbol 


Parameter 


Min 


Mai 


( 


Unit 


Test Conditions 


vzx 


Zero-Cross Detection Input (T1) 


i 


3 


V PP 




AC Coupled, C = .2pF 


AZX 


Zero-Cross Accuracy 




±135 


mV 


60 Hz Sine Wave 


FZX 


Zero-Cross Detection Input 


0.05 


1 


kHz 






Frequency (T1) 








tCY 


Cycle Time 


8.38 


50.0 




3.58 MHz XTAL = 8.38 (is tCY 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0° C to 70° C 

Storage Temperature -65° C to +150° C 

Voltage on Any Pin with 

Respect to Ground -0.5V to +7V 

Power Dissipation 1W 
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t^^M^W^^S Vcc = 5 ' 5V * 1 v ' Vss " 0V) 

Symbol llulin. llMax. I 



Unit 



Test Conditions 



Normal 



tCY 



Cycle Time 



8.38 



50.0 



MS 



3.58 MHz XTAL 



'PRL 



ALE to Time P± Input Must Be Valid (input setup) 



6.5 



MS 



Operation tpFL 



Input Data Hold Time 



MS 



t|_L 



ALE Pulse Width 



0.8 



MS 



tR 



Reset High 



tCY 



R XTAL 



Resistor Across XTAL 



M9. 























tcp 



Port Control Setup Before Falling Edgle of PROG 



0.3 



MS 



tpc 



Port Control Hold After Falling Edge of PROG 



0.8 



MS 



Expander 



'PR 



PROG to Time P± Input Must Be Valid 







2.0 



4.0 



MS 







Operation top 



Output Data Setup Time 



1.0 



MS 



tpF 



Input Data Hold Time 



.15 



MS 



tpp 



PROG Pulse Width 



6.0 



MS 



PORT 2 TIMING 



POHT " 
OUTPUT 



iC 



PORT " 
OUTPUT _ 



PORT * 
INPUT . 



NORMAL OPERATION 



— y data y 















EXPANDER OPERATION 



— 



X - PORT \T 
CONTROL A 



/ \ 



IX data xz 







]GML> — <C 



F 



- 
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SINGLE COMPONENT 8-BIT MICROCOMPUTER 
WITH ON-CHIP A/D CONVERTER 

■ 2K x 8 ROM, 64 x 8 RAM, 28 I/O Lines 



■ 8-Bit CPU, ROM, RAM, I/O in Single 40-Pin 
Package 

■ On-Chip 8-Bit A/D Converter; Two Input 
Channels 



■ 8 Comparator Inputs (Port 0) 

■ Zero-Cross Detection Capability 

■ Single 5V Supply (4.5V to 6.5V) 

■ High Current Drive Capability— 2 Pins 



■ 8.38 Msec Cycle; All Instructions 1 or 2 
Cycles 

■ Instructions— 8048 Subset 

■ Interval Timer/Event Counter 

■ Clock Generated with Single Inductor or 
Crystal 



■ Two Interrupts — External and Timer ■ Easily Expanded I/O 

The Intel 8022 is a member of the MCS®-48 family of single chip 8-bit microcomputers. It is designed to satisfy the 
requirements of low cost, high volume applications which involve analog signals, capacitive touchpanel keyboards, 
and/or large ROM space. The 8022 addresses these applications by integrating many new functions on-chip, such as 
A/D conversion, comparator inputs and zero-cross detection. 

The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 I/O lines, an 
on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage 
capacitive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capabili- 
ty. In addition, it contains the 8-bit interval timer/event counter, on-board oscillator and clock circuitry, single 5V 
power supply requirement, and easily expandable I/O structure common to all members of the MCS-48 family. 

The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability 
plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48 in- 
struction set which consists mostly of single byte instructions and has extensive conditional jump and direct table 
lookup capability. Program memory usage is further reduced via the 8022's hardware implementation of the A/D 
converter which simplifies interfacing to analog signals. 



2048 WORDS 
PROGRAM 
MEMORY 



7> 



TV 



A/D 

REFERENCE" 



8 BIT 
TIMER/EVENT 
COUNTER 




26 
DIGITAL 
I/O LINES 




TWO CHANNEL 
8 BIT A/D 
CONVERTER 













Vcc 



VSS 




ADDRESS 
- LATCH 
ENABLE 



PORT 
* EXPANOER 
STROBE 



P26 C ' 

P27 C 2 

AV CC [| 3 

Vahef C 4 

AN1 C S 

ANO C 6 

AV SS C 7 

T0t 8 

Vth C 9 

poo C 10 

poi L ii 

P02 C 12 

P03 C 13 

P04 C 14 

P05 C 15 

P06 C 16 

P07 C 17 

ALE C 18 

T1 C 19 

Vss C 20 



Vcc 

P25 
P2A 
PROG 
P23 
P22 
P21 
P20 
P17 
P16 
PIS 
P14 
P13 
P12 
P11 
PIG- 
RESET 
XTAL 2 
XTAL 1 
SUBST 



Figure 1. 
Block Diagram 



A/D A/D SUBSTRATE 

Vcc V SS 

Figure 2. 
Logic Symbol 



Figure 3. Pin 
Configuration 



8022 



Table 1. Pin Description 



Desig- 
nation 


Pin 
No. 


Function 




Desig- 
nation 


Pin 
No. 


Function 


vss 
vcc 

PROG 

P00-P07 
PortO 


20 
40 
37 

10-17 


Circuit GND potential. 

+ 5V circuit power supply. 

Output strobe for Intel® 8243 
I/O expander. 

8-bit open-drain port with com- 
parator inputs. The switching 
inrcsiiuiu ic aeL externally uy 
VTH- Optional pull-up resistors 
may be added via ROM mask 
selection. 




RESET 

AVSS 

AVCC 
SUBST 


24 

7 

3 
21 


Input used to initialize the pro- 
cessor by clearing status flip- 

flnn^ and <spttinn thp nrnnram 

counter to zero. (Active high). 

A/D converter GND Potential. 
Also establishes the lower limit of 
the conversion range. 

A/D + 5V power supply. 

Substrate pin used with a bypass 
capacitor to stabilize the sub- 
strate voltage and improve A/D 


VTH 
P10-P17 
Port 1 
P20-P27 
Port 2 


9 

25-32 








Port threshold reference pin. 
8-bit quasi-bidirectional port. 








accuracy. 




VAREF 


4 


A/D converter reference voltage. 


33-36 

38-39 
1-2 

a 










Establishes the upper limit of the 
conversion range. 

Analog inputs to A/D converter. 
Software selectable on-chip via 


8-bit quasi-bidirectional port. 
P20-23 also serve as a 4-bit I/O 




ANO, AN1 


6,5 


TO 


expander for Intel® 8243. 
Interrupt input and input pin 








obL ANU and otL an i instruc- 
tions. 






testable using the conditional 
transfer instructions JTO and 




ALE 


18 


Address Latch Enable. Signal 






IMTD Initiatoc an intorrunt f o I - 
vJ IN 1 U. 1 1 1 1 Lid Lea all ill lei 1 Uyl iui 








occurring once every 30 input 
clocks (once every cycle), used 
as an output clock. 






lowing a low level input if inter- 
rupt is enabled. Interrupt is 












disabled after a reset. 




XTAL 1 


22 


One side of crystal or inductor 


T1 


19 


Input pin testable using the JT1 








input for internal oscillator. Also 






and JNT1 conditional transfer 
instructions. Can be designated 
the timer/event counter input 
using the STRT CNT instruction. 




XTAL2 


23 


input for external frequency 
source. (Not TTL compatible.) 








Other side of timing control ele- 
ment. This pin is not connected 
when an external frequency 
source is used. 






Also serves as the zero-cross 
detection input to allow zero- 












crossover sensing of slowly mov- 
ing AC inputs. Optional pull-up 
resistor may be added via ROM 
mask selection. 























00VF J. *i - 




— lh 



"1 



VAREF 
AVCC 



ALE 



E» i" 



LoutputJ 



[31 

LoutputJ 



r iN «r i 

LoutputJ 



NOTE: All capacitors should be placed as close 
as possible to the 8022 chip. 



Figure 3 .The Stand Alone 8022 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65° C to + 1 50° C 

Voltage on Any Pin with 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



D.C. CHARACTERISTICS t a = o°c to 70°c, v C c - 5.5V ± 1 v, v S s = ov 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typ 


Max 


VlL 


Input Low Voltage 


-0.5 




0.8 


V 


VTH Floating 


V|L1 


Input Low Voltage (Port 0) 


-0.5 




VTH-0.1 


V 




VIH 


High Voltage 

(All except XTAL 1, RESET) 


2.0 




VCC 


V 


VCC = 5.0V ±10% 
VTH Floating 


VIH1 


Input High Voltage 

(All except XTAL 1, RESET) 


3.0 




VCC 


V 


VCC = 5.5V ± 1V 
VTH Floating 


VI H2 


Input High Voltage (Port 0) 


VTH+0.1 




VCC 


V 




VIH3 


Input High Voltage (RESET, XTAL 1) 


3.0 




VCC 


V 


VCC = 5.0V ±10% 


VTH 


Port Threshold Reference Voltage 







.4VCC 


V 




VOL 


Output Low Voltage 






0.45 


V 


IOL = 1.6 mA 


VOL1 


Output Low Voltage (P10, P11) 






2.5 


V 


IOL = 7 mA 


VOH 


Output High Voltage (all unless 
Open Drain Option— Port 0) 


2.4 






V 


IOH = 50 mA 


ILI 


Input Current (T1) 






±200 


fA 


VCC^V|N?VSS+45V 


ILO 


Output Leakage Current 
(Open Drain Option — Port 0) 






±10 


fA 


VCC3*V|NS*VSS+0.45V 


ICC 


VCC Supply Current 




50 


80 


mA 





A.C. CHARACTERISTICS t a = o°c to 70°c, v C c = 5.5V ± 1 v, v S s = ov 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


tCY 


Cycle Time 


8.38 


50.0 


mS 


3 MHz XTAL = 10 M s tCY 


vzx 


Zero-Cross Detection Input (T1) 


1 


3 


VACpp 


AC Coupled 


AZX 


Zero-Cross Accuracy 




±135 


mV 


60 Hz Sine Wave 


FZX 


Zero-Cross Detection Input 
Frequency (T1 ) 


0.05 


1 


kHz 





'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 
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A.C. CHARACTERISTICS T A = 0°C to 70° C, V C C = 5.5V ± 1 v, v S s = ov 
Test Conditions: C|_=80 pF tcY=8 38 ms 



Symbol 


Parameter 


Min 


Max 


Unit 


Notes 


tCP 


Port Control Setup Before Falling Edge of PROG 


0.5 




MS 




tpc 


Port Control Hold After Falling Edge of PROG 


0.8 




MS 




Expander 'PR 


PROG to Time P2 Input Must Be Valid 




1.0 


MS 




Operation , Dp 


Output Data Setup Time 


7.0 




MS 




IPD 


Output Data Hold Time 


8.3 




MS 




tpF 


Input Data Hold Time 





.150 


MS 




tpp 


PROG Pulse Width 


8.3 




MS 




tPRL 


ALE to Time P2 Input Must Be Valid 




3.6 


MS 




tpFU 


Input Data Hold Time 







MS 




tLL 


ALE Pulse Width 


3.9 


23.0 


MS 


tcY=8.38 ms for min 



Port 2 Timing 



NORMAL OPERATION 



PORT 
OUTPUT 



PORT . 
INPUT 



- 'PRL- 



RATION 



EXPANDER OPERATION 



S 



_ipp- 



PORT 
OUTPUT , 



ALE 
PROG 



PORT - 
INPUT . 



r\ 



'dp 



'PD 



' PORT 
I CONTROL 



"IT L 

— h«-'i 



s 



^l^'pp 



"'PR ' 
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A/D CONVERTER CHARACTERISTICS t a = o°c to 70°c, v cc = 5.5V ± 1 v, v S s = ov, av C c = 5.5V± 1 v, 

AV SS = OV, AV CC /2 =S V A REF « AV C C 



Parameter 


Min 


Typ 


Max 


Unit 


Comments 


Resolution 


8 






Bits 




Absolute Accuracy 






.8%FSR±y 2 LSB 


LSB 


(Note 1) 


Sample Setup Before Falling Edge of ALE (t ss ) 




0.20 




tcY 




Sample Hold After Falling Edge of ALE (t SH ) 




0.10 




tcY 




Input Capacitance (ANO, AN1) 




1 




PF 




Conversion Time 


4 




4 


'CY 





Analog Input Timing 



-J 






r 








ANALOG 

INPUT A> 


i 




X 



NOTE: 

1. The analog input must be maintained at a constant voltage during the sample time (t ss + t SH ). 
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Table 2. Instruction Set Summary 



Hexadecimal 
Bytes Cycle Opcode 





ADD A,R r 


Add register to A 


1 


. t 


68-6F 




ADD A,@ R 


Add data memory to A 


'■ ! T 


1 


60-61 




ADD A,#dala 


Add immediate to A 


2 


2 


03 




ADDC A,R r 


Add register with carry 


1 


1 


78-7F 




ADDC A.@ R 


Add data memory with 
carry 


1 


1 


70-71 




ADDC A,#data Add immediate with 


2 


2 


13 






carry 








ANL A.R r 


And register to A 


1 


1 


58-5F 




ANL A,@R 


And data memory to A 


1 


1 


50-51 




ANL A,#data 


And immediate to A 


2 


2 


53 




ORL A,R r 


Or register to A 


1 


1 


48-4F 




ORL A,@ R 


Or data memory to A 


1 


1 


40-41 




ORL A,#data 


Or immediate to A 


2 


2 


43 




XRL A,R r 


Exclusive Or register 


1 


I 


D8-DF 


3 

E 




to A 








3 


XRL A,@R 


Exclusive Or data 


1 1 


D0-D1 


u 
< 




memory to A 










XRL A.#data 


Exclusive Or immediate 


2 


2 


D3 



INC A 
DEC A 
CLR A 
CPL A 
DA A 
SWAP A 
RL A 
RLC A 

RR A 

RRC A 



to A 
Increment A 
Decrement A 
Clear A 
Complement A 
Decimal adjust A 
Swap nibbles of A 
Rotate A left 
Rotate A left through 

carry 
Rotate A right 
Rotate A right through 

carry 



27 
37 
57 
47 
E7 
F7 

77 
67 



IN A. P p 
OUTL P p ,A 
MOVD A,P p 

MOVD P p ,A 

ANLD P p ,A 
ORLD P n ,A 



Input port to A 
Output A to port 
Input expander port 

to A 

Outpul A to expander 
port 

And A to expander port 
Or A to expander port 



08. 09, OA 
90.39.3A 
0C-0F 

3C-3F 

9C-9F 
8C-8F 



S INC R r 
■Si INC @ R 



Increment register 
Increment data memory 



8 IF 
0-11 



JMP addr Jump unconditional 2 2 



JMPP @ A 
DJNZ R.addr 

JC addr 
JNC addr 
JZ addr 
JNZ addr 



Jump indirect 
Decrement register and 
jump on R not zero 
Jump on carry= 1 
Jump on carry=0 
Jump on A zero 
Jump on A not zero 



04,24,44,64, 
84,A4,C4,E4 
B3 

E8-EF 



2 F6 

2 E6 

2 C6 

2 96 



Description 



Hexadecimal 
Bytes Cycle Opcode 



JTO addr 
JNTOaddr 
JT1 addr 
JNT1 addr 
JTF addr 



Jump on T0= 1 
Jump on T0=0 
Jump on T 1 = 1 
Jump on T1=0 
Jump on timer flag 



! 2 36 
» 2 26 



= CALL addr 



Jump to subroutine 
Return 



2 14,34,54,74 
94,B4,D4,F4 
2 83 



CLR C 
CPL C 



Clear carry 
Complement carry 



MOV A,R r 
MOV A.@ R 
MOV A,#data 
MOV R r .A 
MOV @ R.A 
MOV R r .#dala 

| MOV@R.#data 

| XCH A,R r 
XCH A,@R 
XCHD a.@ R 
MOVP AM A 



Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to 

register 
Move immediate to 

data memory 
Exchange A and 

register 
Exchange A and data 

memory 
Exchange nibble of A 

and register 
Move to A from current 

page 



1 97 
1 A7 


1 


F8-FF 


1 


F0-F1 


2 


23 


1 


A8-AF 


1 


A0-A1 


2 


B8-BF 


2 


B0-B1 






1 


28-2F 


1 


20-21 


1 30-3 1 


2 


A3 



5 MOV A.T 

§ MOVT.A 

O STRT T 

S STRT CNT 

.§ STOP TCNT 



Read timer/counter 
Load timer/counter 
Start timer 
Start counter 
Stop timer/ counter 



1 42 

1 62 

1 55 

1 45 

1 65 



5 RAD Move conversion result 1 2 80 

» register to A 

= SEL ANO Select analog input 1 1 85 

3 zero 

9 SEL AN 1 Select analog input one 1 1 95 



EN I 

DIS I 

t 

| EN TCNTI 
£ DIS TCNTI 
RET I 



Enable external 

interrupt 
Disable external 

interrupt 
Enable timer/ counter 

interrupt 
Disable timer/ counter 

interrupt 
Return from interrupt 



1 05 

1 15 

1 25 

1 35 

2 93 



NOP 



No operation 



1 00 



SYMBOLS AND ABBREVIATIONS USED 



A Accumulator 

addr 1 1 -Bit Program Memory Address 

ANO, AN 1 Analog Input 0, Analog Input 1 

CNT Event Counter 

data 8-Bit Number or Expression 

I Interrupt 



P Mnemonic for "in-page" Operation 

Pp Port Designator (P=0, 1, 2 or 4-7) 

R r Register Designator (r=0-7) 

T Timer 

TO, T1 Test 0, Test 1 

# Immediate Data Prefix 

@ Indirect Address Prefix 
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8048H/8748H/8035HL 
8049H/8749H/8039HL 
8050AH/8040AHL 



i High Performance HMOS 

i Interval Timer/Event Counter 

i Two Single Level Interrupts 

i Single 5-Volt Supply 

i Over 96 Instructions; 90% Single Byte 



Reduced Power Consumption 
i Compatible with 8080/8085 Peripherals 
i Easily Expandable Memory and I/O 
i Up to 1.36 ju sec Instruction Cycle 

All Instructions 1 or 2 cycles 



The Intel MCS®^ family are totally self-sufficient, 8-bit parallel computers fabricated on single silicon chips using 
Intel's advanced N-channel silicon gate HMOS process. 

The family contains 27 I/O lines, an 8-bit timer/counter, and on-board oscillator/clock circuits. For systems that re- 
quire extra capability, the family can be expanded using MCS^-SO/MCS®^ peripherals. 

To minimize development problems and provide maximum flexibility, a logically and functionally pin-compatible ver- 
sion of the ROM devices with UV-erasable user-programmable EPROM program memory is available with minor dif- 
ferences. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in 
length. 



Device 


Internal 


Memory 


RAM Standby 


8050AH 


4K x 8 ROM 


256 X 8 RAM 


yes 


8049H 


2K x 8 ROM 


128 x 8 RAM 


yes 


8048H 


1K X 8 ROM 


64 x 8 RAM 


yes 


8040HL 


none 


256 x 8 RAM 


yes 


8039HL 


none 


128 x 8 RAM 


yes 


8035HL 


none 


64 x 8 RAM 


yes 


8749H 


2K x 8 EPROM 


128 x 8 RAM 


no 


8748H 


1K x 8 EPROM 


64 x 8 RAM 


no 



PROGRAM 
MEMORY 



6 BIT 
CPU 



8 BIT 
TIMER/ 
EVENT COUNTER 



DATA 
MEMORY 



Figure 1 
Block Diagram 



SINGLE 
STEP " 

EXTERNAL 
MEM " 



RUPT 



8048 H 

8748H 

8035 HL 

6049H 

8749H 

8039 HL 

8050H 



CO p ° n 



PROGRAM 

- STORE 
ENABLE 

ADDRESS 

- LATCH 
ENABLE 

PORT 

- EXPANDER 



Figure 2. 
Logic Symbol 



35 

B048H 34 
874BH 33 
8035 HL 32 

, 8M9H 31 
3 8749H 31 

1 8039HL 30 

2 BOSOH 29 

3 «»°AHL 28 

I 27 



an 

□ P27 

□ P26 
3 P25 

□ P24 

□ P17 

□ P16 

□ P1S 

□ P14 

□ P13 

□ P12 

□ P11 

□ P10 

□ *DD 

□ PROG 

□ P23 
3 P22 

□ P21 

□ P20 



Figure a 
Pin Configuration 
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8048H/8748H/8035HL 
8049H/8749H/8039HL 



Table 1. Pin Description 











Symbol 


Pin 
No. 


Function 


Device 


vss 


20 


Circuit GND potential 


All 


VDD 


26 


+ 5V during normal opera- 
tion. 


All 














Low power standby pin. 


8048H, 8035HL, 
8049H, 8039HL, 
8050 AH, 8040AHL 






Programming power supply 
( + 21V). 


8748 H 
8749H 


vcc 


40 


Main power supply; + 5V 
during operation and pro- 
gramming. 


All 


PROG 


25 


Output strobe for 8243 I/O 


All 






expander. 








Program pulse ( + 18V) 
input pin during pro- 
gramming. 


8748 H 
8749H 


P10-P17 
Port 1 


27-34 


8-bit quasi-bidirectional 
port. 


All 


P20-P27 
Port 2 


21-24 
35-38 


8-bit quasi-bidirectional 
port. P20-P23 contain the 
four high order program 
counter bits during an ex- 
ternal program memory 
fetch and serve as a 4-bit 
I/O expander bus for 8243. 


AM 


DB0-DB7 
BUS 


12-19 


True bidirectional port 
which can be written or 
read synchronously using 
the RD, WR strobes. The 
port can also be statically 
latched. 


All 












Contains the 8 low order 
program counter bits dur- 
ing an external program 
memory fetch, and receives 
the addressed instruction 
under the control of PSEN. 
Also contains the address 
and data during an external 
RAM data store instruction, 
under control of ALE, RD, 
and WR. 










TO 


1 


Input pin testable using 
the conditional transfer in- 
structions JTO and JNTO. 
TO can be designated as a 
clock output using ENTO 
CLK instruction. 


All 






Used during programming. 


8748 H 
8749H 


T1 


39 


Input pin testable 

using the JT1, and JNT1 in- 


All 












Qtniptionc Pan ho 
on u^uuno. vol i uc 

designated the timer/- 
counter input using the 
STRT CNT instruction. 










INT 


6 


Interrupt input. Initiates an 
interrupt if interrupt is en- 
abled. Interrupt is 
disabled after a reset. Also 
testable with conditional 
jump instruction. (Active 
low) Interrupt must remain 
low for at least 3 machine 
cycles for proper operation. 


All 











Symbol 


Pin 
No. 


Function 


Device 


RD 


8 


Output strobe activated 
during a BUS read. Can be 

UacU IU CllaUPC Uola Ui hu 

the bus from an external 
device. 

Used as a read strobe to 
external data memory. (Ac- 
tive low) 


All 


RESET 


4 


Input which is used 

to initialize the processor. 

(Active low) (Non TTL V|h) 


All 


Used during power 
down. 


8048H, 8035HL, 
8049H, 8039HL, 
8050AH, 8040AHL 


Used during 
programming. 


8748H 
8749H 


Used during ROM verifica- 
tion. 


8048H, 8748H, 
8049H, 8749H, 
8050AH. 


WR 


10 


Output strobe during a 
bus write. (Active low) 
Used as write strobe to ex- 
ternal data memory. 


All 


ALE 


11 


Address latch enable. This 
signal occurs once during 
each cycle and is useful as 
a clock output. 
The negative edge of ALE 
strobes address into exter- 
nal data and program 
memory. 


All 

tiinan**- - 


PSEN 


9 


Program store enable. This 
output occurs only during 
a fetch to external program 
memory. (Active low) 


All 


s§ 


5 


Single step input can be 
used in conjunction with 
ALE to "single step" the 


All 












processor through each in- 
struction. (Active low) 




EA 


7 


External access input 
which forces all program 
memory fetches to 
reference external memory. 
Useful for emulation and 


All 






debug. 




Used during (18V) program- 
ming 


8748 H 

8749 H 


Used during ROM verifica- 
tion (12V) 


8048H, 8049H, 
8050 AH 


XTAL1 


2 


One side of crystal 
input for internal oscillator. 
Also input for external 
source. (Non TTL V|h) 


All 


XTAL2 


3 


Other side of crystal input. 


All 
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Table 2. Instruction Set 



ADD A, R 
ADD A. @R 
ADD A. « data 
ADDC A. R 
ADDC A, @R 

ADDC A. « data 
ANL A, R 
ANL A, @R 
ANL A, » data 
ORL A. R 
ORL A @R 
ORL A. « data 
XRL A, R 
XRL A. <§R 
XRL. A. » data 
INC A 
DEC A 
CLR A 
CPL A 
DA A 
SWAP A 
RL A 
RLC A 
RR A 
RRC A 



Description 

Add register to A 

Add data memory to A 

Add immediate to A 

Add register with carry 

Add data memory with carry 

Add immediate with carry 

And register to A 

And data memory to A 

And immediate to A 

Or register to A 

Or data memory to A 

Or immediate to A 

Exclusive or register to A 

Exclusive or data memory to A 

Exclusive or immediate to A 

Increment A 

Decrement A 

Clear A 

Complement A 
Decimal adjust A 
Swap nibbles of A 
Rotate A left 

Rotate A left through carry 
Rotate A right 

Rotate A right through carry 



Byles Cyclei 



Input/Output 








Mnemonic 


Description 


Bytes Cycles 


IN A. P 


Input port to A 


1 


2 


OUTL P, A 


Output A to port 


1 


2 


ANL P. * data 


And immediate to port 


2 


2 


ORL P. « data 


Or immediate to port 


2 


2 


INS A. BUS 


Input BUS to A 


1 


2 


OUTL BUS. A 


Output A to BUS 


1 


2 


ANL BUS. # data And immediate to BUS 


2 


2 


ORL BUS. # data Or immediate to BUS 


2 


2 


MOVD A.P 


Input expander port to A 


1 


2 


MOVD P. A 


Output A to expander port 


1 


2 


ANLD P. A 


And A to expander port 


1 


2 


ORLD P. A 


Or A to expander port 


1 


2 



Registers 








Mnemonic 


Description 


Bytes Cycles 


INC R 


Increment register 


1 


t 


INC@H 


Increment data memory 


1 


1 


DEC R 


Decrement register 


1 


1 




Branch 








Mnemonic 


Description 


Bytes 


Cycles 


JMP addr 


Jump unconditional 


2 


2 


JMPP @A 


Jump indirect 


1 


2 


DJNZ R addr 


Decrement register and skip 


2 


2 


JC addr 


Jump on carry = 1 


2 


2 


JNC addr 


Jump on carry - 


2 


2 


JZ addr 


Jump on A zero 


2 
2 


2 


JNZ addr 


Jump on A not zero 


2 


JTO addr 


Jump on TO = 1 


2 


2 


JNTO addr 




2 


2 


JT1 addr 


Jump on T1 - 1 


2 


2 


JNT1 addr 


Jump on T1 - 


2 


2 


JFO addr 


Jump on FO - 1 


2 


2 


JF1 addr 


Jump on F1 - 1 


2 


2 


JTF addr 


Jump on timer flag 


2 


2 


JNI addr 


Jump on INT = 


2 


2 


JBb addr 


Jump on accumulator bit 


2 


2 



Subroutine 






Mnemonic 


Description 


Bytes Cycles 


CALL addr 


Jump to subroutine 


2 2 


RET 


Return 


1 2 


RETR 


Return and restore status 


1 2 



Data Moves 

Mnemonic 

MOV A, R 
MOV A, @R 
MOV A. * data 
MOV R. A 
MOV @R. A 
MOV-R. (* data 
MOV @R. ftdata 
MOV A. PSW 
MOV PSW. A 
XCH A, R 
XCH A. @R 
XCHD A. @R 

MOVX A, @R 
MOVX @R, A 



Description I 

Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data memory 
Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and 
register 

Move external data memory to A 
Move A to external data memory 



Control 

Mnemonic Description Bytes Cycles 

EN I Enable external interrupt 1 1 

DIS I Disable external interrupt 1 1 

SEL RBO Select register bank 1 1 

SEL RB1 Select register bank 1 1 1 

SEL MBO Select memory bank 1 1 

SEL MB1 Select memory bank 1 1 1 

ENTO CLK Enable clock output on TO 1 1 



Flags 








Mnemonic 


Description 


Bytes 


Cycles 


CLR C 


Clear carry 




1 


CPL C 


Complement carry 




1 


CLR FO 


CLear flag 




1 


CPL FO 


Complement flag 




1 


CLR F1 


Clear flag 1 




1 


CPL F1 


Complement flag 1 




1 



tes Cycles 



MOVP A, @A 


Move to A from current page 


1 2 


MOVP3 A. @ 


Move to A from page 3 


1 2 




Timer/Counter 






Mnemonic 


Description 


Bytes Cycles 


MOV A, T 


Read timer/counter 


1 1 


MOV T, A 


Load timer/counter 


1 1 


STRT T 


Start timer 


1 1 


STRT CNT 


Start counter 


1 1 


STOP TCNT 


Stop timer/counler 


1 1 


EN TCNTI 


Enable timer/counter interrupt 


1 1 


DIS TCNTI 


Disable timer/counter interrupt 


l 1 



Mnemonic 


Description 


Bytes Cycles 


NOP 


No operation 


1 1 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature — 65°Cto + 150°C 

Voltage On Any Pin With Respect 

to Ground —0.5V to +7V 

Package Power Dissipation 1.5 Watt 



D.C. CHARACTERISTICS (ta = o°c to 70°C; Vcc = Vqd = 5V ± 10%; Vss = ov) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Device 




Min 


Typ 


Max 






















V|L 


Input Low Voltage 


— .5 




.8 


V 




All 




(All except RESET, X1, X2) 














V|L1 


Input Low Voltage 
(RESET, X1, X2) 


—.5 




.6 


V 




All 






V|H 


Input High Voltage 

(All Except XTAL1, XTAL2, 

RESET) 


2.0 




VCC 


V 




All 
















V|H1 


Input High Voltage 
(X1, X2, RESET) 


3 8 




vcc 


V 





All 








vol 


Output Low Voltage (BUS) 






.45 


V 


lOL = 2.0 mA 


All 


v OL1 


Uutput Low voltage 






.45 


V 


lOL = 1-8 mA 


All 


(RD, WR, PsER, ALE) 














VOL2 


Output Low Voltage (PROG) 






.45 


V 


lOL = 10 mA 


All 






VOL3 


Output Low Voltage 






.45 


V 


lOL = 1-6 mA 


All 




(All Other Outputs) 














v OH 


Oiitnut Hinh Vnltanp fRM*^ 
uiii|jui niyii vuitctyc |duoj 


2.4 








i _ Ann a a 

■OH — — HUU M M 


All 










V0H1 


Output High Voltage 
(RE, WR", PSEN, ALE) 


2 4 






V 


lOH = —100 liA 


All 
















v OH2 


Output High Voltage 


2.4 






V 


lOH = —10 MA 


All 




(Ail uiner uuipuisi 














ii . 


Input Leakage Current 
(T1, INT) 






±10 


M A 


V SS £V IN SVcc 


All 


1 


Input Leakage Current 
(P10-P17, P20-P27, EA, SS) 






—500 


ftA 


Vss + -45<V|N<Vcc 


All 


lLO 


Output Leakage Current 
(BUS, TO) 






±10 


MA 


V S S + 45 <V| N <Vcc 


All 




(High Impedance State) 














l D D 


Vrjo Supply Current 




4 


8 


mA 




8048H, 8035HL 








5 


10 


mA 





8049H, 8039HL 








10 


20 


mA 




8050AH, 8040AHL 


















idd + ice 


Total Supply Current 




40 


80 


mA 




8048H, 8035HL 








50 


100 


mA 




8049H, 8039HL 








40 


80 


mA 


: 


8050AH, 8040AHL 
























30 


90 


mA 




8748H 








50 


110 


mA 




8749H 


VDD 


RAM Standby Voltage 


2.2 




5.5 


V 


Standby Mode Reset 












*V|L1 


8048H, 8035HL 






4.5 




5.5 


V 




8049H, 8039HL 






2.2 




5.5 
1 






8050AH, 8040AHL 
1 


■ - ' 






V 








'NOTICE: Stresses above those listed under Absolute 
Maximum Ratings' may cause permanent damage to the 
device. This is a stress rating only and functional operation of 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
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A.C. CHARACTERISTICS (T A = 0°C to 70°C; Vcc = Vdd = 5V ± 10%; Vss = 0V) 



Symbol 



Parameter 



« (tCY) 
(Note 4) 



(Note 3) 
11 MHz 



Min 



Max 



Unit 



tCY 



Cycle Time 



15/F(XTAL) 



1.36 



15.0 



ill 



ALE Pulse Width 



7/30t C Y-170 



150 



tAL 



Addr Setup to ALE 



2/15 tcY-110 



70 



tLA 



Addr Hold from ALE 



1/15 1 



tCY-40 



50 



tCC1 



Control Pulse Width (RD, WR) 



1/2 tcY-200 



480 



tCC2 



Control Pulse Width (PSEN) 



2/5 tcY-200 



350 



tDW 



Data Setup before WR 



13/30 tcY-200 



390 



*WD 



Data Hold after WR 



1/15 tCY-50 



40 



*DR 



Data Hold (RD, PSEN) 



1/10 tCY-30 



110 



tRD1 



RD to Data in 



11/30 tCY-170 



330 



tRD2 



PSEN to Data in 



4/15 tCY-170 



190 



tAW 



Addr Setup to WR 



1/3 tCY-150 



300 



tAD1 



Addr Setup to Data (RD) 



7/10 tCY-220 



730 



tAD2 



Addr Setup to Data (PSEN) 



1/2 tCY-220 



460 



1AFC1 



Addr Float to RD, WR 



2/15 tCY-40 



140 



'AFC2 



Addr Float to PSEN 



1/30 tCY-40 



10 



»LAFC1 



ALE to Control, (RD, WR) 



1/5 tCY-75 



200 



tLAFC2 



ALE to Control (PSEN) 



1/10 tCY-75 



60 



tCA1 



Control to ALE (RD, WR, PROG) 



1/15 tCY-40 



50 



tCA2 



Control to ALE (PSEN) 



4/15 tCY-40 



320 



tCP 



Port Control Setup to PROG 



2/15 tCY-80 



100 



tpc 



Port Control Hold to PROG 



4/15 tcY-200 



160 



tPR 



PROG to P2 Input Valid 



17/30 tCY-120 



650 



tPF 



Input Data Hold from PROG 



1/10 tCY 



140 



tDP 



Output Data Setup 



•2/5 tCY-150 



400 



tPD 



Output Data Hold 



1/10 tCY-50 



90 



tpp 



PROG Pulse Width 



7/10 tCY-250 



700 



tPL 



Port 2 I/O Setup to ALE 



4/15 tcY-200 



160 



tLP 



Port 2 I/O Hold to ALE 



1/30 tCY-30 



15 



tpv 



Port Output from ALE 



3/10 tCY+100 



510 



PRR 



TO Rep Rate 



3/15 tCY 



270 



Notes: 

1. Control outputs CL = 80 pF 
BUS Outputs CL = 15.0 pF 



2. BUS High Impedance 
Load 20 pf 



3. 8048H/8035HL max 
Frequency = 8 MHz; 
8048H-1/8035HL-1 max 
Frequency = 11 MHz 



4. f(t cy ) assumes 50% duty cycle 
on X1 and X2. 
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WAVEFORMS 



- --Ill— 'i 



LL— LAFC2 



J 



r 



BUS FLOATING 



-)'»L 



m — icca — »| *• *CA2 



1_ - J 



j 'LAFC, 



-) 'oh|-- 



ADDRESS |RD2 INSTRUCTION 

'AD2 



Instruction Fetch From External Program Memory 

— H 'lafci [«• — 

— I 



(-• — <CC1 — "I 'CA1 

1 r 

'AFC1— «-j h» -~\ 'DR 

1 FLOAT ING 

FLOATING ^ ( ADDRES^~ ^DATa"^ FLOATING 

H 'RDl 

r» 'alii H 

Read From External Data Memory 



J L 





'CC1 — 'CA1 |* 




1 


»DW p *t*"*j 'WD 



2.4V • 
0.45V • 



X2.0, 



TEST POINTS 



.J 



Write to External Data Memory 



A.C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC "1" AND 45V FOR A 
LOGIC ' ' OUTPUT TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 
-V AND 8V FOR A LOGIC "0 - 



Input and Output for A.C. Tests 



PORT 1/PORT 2 TIMING 



ale 

PSEN 



P20-23 
OUTPUT 



P24-27 
P10-17 
OUTPUT 



EXPANDER 
PORT 



h. 2ND CYCLE . 
■PL W U 'PV »J 



X 



X 



PORT 20 23 DATA 



r 



PORT 24-27, PORT 10-17 DATA 



V NEW P20 23 DATA |Y PCH 



X 



NEW PORT DATA 



DC 



X 



PORT 20 23 DATA 



M 



PORT CONTROL 



EXPANDER 
PORT 



DC 



X 



PORT 20-23 DATA Y PORT CONTROL 



I 



[--tCP »| « 'PC-»j 









jPD 


fs — ,DP — " 




^| OUTPUT DATA 




I 






IPF 


— IPR » 




/ V| INPUT 


i 





PROG 



Y 1 







U ipp «- 






/ 


i 
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CRYSTAL OSCILLATOR MODE 

Cl 

=H! — I — 



LC OSCILLATOR MODE 



C3 



3 



XTAL 2 



C1 = 5 pF ± H pF + (STRAY <5 pF| 

C2 - (CRYSTAL + STRAY) <8 pF 

C3 = 20 pF ± 1 pF + (STRAY< 5 pF) 
CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 750AT 6 MHz; LESS 
THAN 180 at 3.6 MHz 




2itVlC 
C + 3C 



Cpp 5 - 10 pF PIN-TO-PIN 
XTAL2 CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF INCLUDING STRAY CAPACITANCE 



DRIVING FROM EXTERNAL SOURCE 



-o 



TTL OPEN 

COLLECTOR 

GATES 



FOR XTAL 1 AND XTAL 2 DEFINE "HIGH" AS VOLTAGES ABOVE 1 6V AND "LOW" 
AS VOLTAGES BELOW 1 6V THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL I AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS 




FOR THE 8749H (8748H), XTAL 1 MUST BE HIGH 35 TO „ 
PERIOD AND XTAL 2 MUST BE HIGH 35 TO 65% OF THE 
RISE AND FALL TIMES MUST NOT EXCEED 20 ns. 



PROGRAMMING, VERIFYING, AND 
ERASING THE 8749H (8748H) EPROM 

Programming Verification 

In brief, the programming process consists of: activat- 
ing the program mode, applying an address, latching 
the address, applying data, and applying a program- 
ming pulse. Each word is programmed completely 
before moving on to the next and is followed by a 
verification step. The following is a list of the pins used 
for programming and a description of their functions: 



WARNING: 

An attempt to program a missocketed 8749H (8748H) will result 
in severe damage to the part. An indication of a properly 
socketed part is the appearance of the ALE clock output. The 
lack of this clock may be used to disable the programmer. 



Verify sequence is: 

1. Vdd = S V, Clock applied or internal oscillator operating, 
RESET = 0V, TEST = 5V, EA = 5V, BUS and PROG 
floating. PlOand P11 must be tied to ground. 

2. Insert 8749H (8748H) in programming socket. 

3. TEST = 0V (select program mode) 

4. EA = 18V (activate program mode) 

5. Address applied to BUS and P20-22 



Pin 


Function 


XTAL 1 


Clock Input (1 to 3.7 MHz) 


Reset 


Initialization and Address Latching 


Test 


Selection of Program or Verify Mode 


EA 


Activation of Program/Verify Modes 


BUS 


Address and Data Input 
Data Output During Verify 


P 20-22 


Address Input 


Vdd 


Programming Power Supply 


PROG 


Program Pulse Input 







6. RESET = 5V (latch address) 

7. Data applied to BUS 

8. V DD = 21V (programming power) 

9. PROG = Vqc followed by one 50ms pulse to 18V 

10. Vdd = 5V 

11. TEST — 5V (verify mode) 

12. Read and verify data on BUS 

13. TEST0 = 0V 



14. RESET = 0V and repeat from step 5 

15. Programmer should be at conditions of step 1 when 
8749H (8748H) is removed from socket. 
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A.C. TIMING SPECIFICATION FOR PROGRAMMING <T A = 25«c ± 5«c, v cc 
8748H/8749H ONLY 



5V ± 5%, V 0D = 21 ± .5V) 



Symbol 


Parameter 


Mm 


Max 


1 Inil 

Unit 


Test conditions 


tAW 


Address Setup Time to RESETf 


4t C Y 








twA 


Address Hold Time After RESET I 


4t C y 








tDW 


Data in Setup Time to PROG | 


4t C Y 








two 


Data in Hold Time After PROG J 


4t C Y 








tpH 


RESET Hold Time to Verify 


4t C Y 








tvDOW 


V DD Hold Time Before PROG t 





1.0 


mS 




tvDDH 


V 00 Hold Time After PROG I 





1.0 


mS 




tpw 


Program Pulse Width 


50 


60 


mS 




Itw 


Test Setup Time for Program Mode 


4t C Y 








twT 


Test Hold Time After Program Mode 


4tcY 








too 


Test to Data Out Delay 




4t C Y 






tww 


RESET Pulse Width to Latch Address 


4t C Y 








tr, tl 


Vdo and PROG Rise and Fall Times 


0.5 


100 


fJS 




tcY 


CPU Operation Cycle Time 


4.0 


15 


fJS 




tflE 


RESET Setup Time before EAI 


4t C Y 









D.C. SPECIFICATION FOR PROGRAMMING (T A = 25°c 
8748H/8749H ONLY 



5°C, V cc = 5V £ 5%. V DD = 21V £ .5V) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


V DDH 


Vdd Program Voltage High Level 


20.5 


21.5 


V 




Vddl 


V DD Voltage Low Level 


4.75 


5.25 


V 




Vp„ 


PROG Program Voltage High Level 


17.5 


18.5 


V 




V PL 


PROG Voltage Low Level 


4.0 


Vcc 


V 




V E » H 


EA Program or Verify Voltage High Level 


17 5 


18.5 


V 




Idd 


Vdd High Voltage Supply Current 




20.0 


mA 




I PROG 


PROG High Voltage Supply Current 




1.0 


mA 




l E « 


EA High Voltage Supply Current 




1.0 


mA 
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WAVEFORMS 



COMBINATION PROGRAM/VERIFY MODE (EPROM's ONLY) 



(- 



VEA H 

EA 

V C C — 

"cc — 

TO 

V|L1 

V C C — 

RESET 
V|L1 



J 















/ V 



_/ ADDRESS >/ 
~\ (0-7) VALID A 



LAST 
ADDRESS 



X 



ADDRESS (8-9) VALID 



> DDH 

Vao 

Vcc • 

Vph 

PROG 



7 



X 







>/ \/ DATA V_ / NEXTADDR^f 

"A A / ^ WL ' D A 



X 







VERIFY MODE (ROM/EPROM) 



\ / \ 

\ / \ 

XDATA OUT \ _/ NEXT V 

VALID / - A ADDRESS ^ 



ADDRESS 
(0-7) VALID 



x 



AODRESS (8-9) VALID 



X 



NEXT ADDRESS VALID 



NOTES 

1 PROG MUST FLOAT IF EA IS LOW (i.b , *23VI 

2 X, AND X; DRIVEN BY 3 MHz CLOCK WILL GIVE 5^sec lev THIS IS ACCEPTABLE FOR - 8 
PARTS AS WELL AS STANDARD PARTS 



The 8748 EPROM can be programmed by either of 
two Intel products: 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP series) peri- 
pheral of the Intellec® Development System with a 
UPP-848 Personality Card. 
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8048H/8748H/8035HL 
8049H/8749H/8039HL 
8050AH/8040AHL 



[p[f&0[M/« 



SUGGESTED ROM VERIFICATION ALGORITHM FOR H MOS DEVICES ONLY 

INITIAL ROM DUMP CYCLE SUBSEQUENT ROM DUMP CYCLES 



ALE 
(NOTE 1) 



jinnjTJUUuirLnji^^ 





| (OUTPUTI 



NPUT) 



ROM 
DATA 







I (INPUT) 



P20, P21 
•P22 



— 



jqunainl tow J slgniS a 



" P23 i (input) ; 

1 

■ 

ameiBve ,«Wui W2 _ 0V(8M8H -i -">;s!iio8o brwod-i o o! noillbba n^m^o\i&rni! Hd-6 ns bns ,esnii OU V> 
bns sshornem bisfir goieu bebrwqxe ed rbo art! .yjilidsqco snxs aitupsi left 

tint I lomsm m^.? w WWflW&MB na to fnblaviopa vM ei ettg srtT elsiertqiieq ^8-8OM\ 9 08 aO^ 

Iseonsfloieini ■joirti .vtilidixoll murnlxen 



•8049H/8050AH iOlSVSO 9 

■•8050AH 



NOTE 1: ALE IS FUNCTION OF X1, X2 INPUTS. PLEASE REFER TO FIGURE ON PAGE 10 20 FOR 
OSCILLATOR CONFIGURATIONS 
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8748/8035 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 



■ 8748 User Programmable I 

■ 8035 CPU Only 



■ 8-bit CPU, ROM, RAM, I/O in 
Single Package 

■ Single 5V Supply 

■ 2.5 fjsec and 5.0 /usee Cycle Versions 
All Instructions 1 or 2 Cycles. 

■ Over 90 Instructions: 70% Single Byte 

■ Single Level Interrupt 



1K x 8 ROM/EPROM 
64 x 8 RAM 
27 I/O Lines 

■ Interval Timer/Event Counter 

■ Easily Expandable Memory and I/O 

■ Compatible with 8080/8085 Series 
Peripherals 



The Intel® 8748/8035 are totally self-sufficient, 8-bit parallel computers fabricated on single silicon 
chips using Intel's N-channel silicon gate MOS process. 

The 8748 contains a 1 K x 8 UV-erasable, user-programmable program memory, a 64x8 RAM data memory, 
27 I/O lines, and an 8-bit timer/counter in addition to on-board oscillator and clock circuits. For systems 
that require extra capability, the 8748 can be expanded using standard memories and 
MCS-80®/MCS-85® peripherals. The 8035 is the equivalent of an 8748 without program memory and can 
be used with external ROM and RAM. To reduce development problems to a minimum and provide 
maximum flexibility, three interchangeable pin-compatible versions of this single component 
microcomputer exist: the 8748 with user-programmable and erasable EPROM program memory, the 8048 
with factory-programmed mask ROM program memory for low cost, high volume production, and the 
8035 without program memory for use with external program memories. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They 
have extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient 
use of program memory results from an instruction set consisting mostly of single bit instructions and 
no instructions over 2 bytes in length. 




8-BIT 




TIMER/ 




EVENT COUNTER 





CO POR 2 



PROGRAM 
"STORE 
ENA8LE 

ADDRESS 

- LATCH 
ENABLE 

PORT 

- EXPANDER 
STROBE 



TOL 1 

XTAL 1 C 2 

XTAL 2C 3 

RESETC 4 

SS~C 5 

INTE 6 

EAC 7 

SEC 6 

PSENC 9 

WRL" 10 

ALEC " 

DBoC 12 

DB.C 13 

DB,L~ 14 

DB,C 15 

DB.C 16 

DB,C 17 

DB.C 18 

DB,C 19 

V»C 20 



3T1 

UP27 

7JP26 

□ P25 
"JP24 

□ PI 7 

npi6 

-JP15 
"JP14 
DP13 
DP12 
DP11 

DP10 
3v D o 

DPROG 

HP23 

]P22 
DP21 
DP20 



Figure 1. Block Diagram 



Figure 2. Logic Symbol Figure 3. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin No. 


Function 


Vss 


20 


Circuit GND Potential 


VoD 


26 


Programming power supply; +25V 
during program, +5V during 
operation. 


Vcc 


40 


Main nnwpr Qiinnlv -4-5V riiirinn 
iviani puwci supply, t -j v uunny 

operation and programming. 


PROG 


25 


Program pulse (+23V) input pin 
during 8748 programming. 

Output strobe for 8243 I/O 
expander. 


P10-P17 
Port 1 


27-34 


8-bit quasi-bidirectional port. 


P20-P27 


21-24 


8-bit quasi-bidirectional port. 


Port 2 


35-38 


P20-P23 contain the four high order 
program counter bits during an 
external program memory fetch and 
serve as a 4-bit I/O expander bus 
for 8243. 


DB0-DB7 
BUS 


12-19 


True bidirectional port which can be 
written or read synchronously using 
the RD, WR strobes. The port can 
also be statically latched. 

Contains the 8 low order program 
counter bits during an external 






program memory fetch, and 
receives the addressed instruction 
under the control of PSEN. Also 
contains the address and data 
during an external RAM data store 
instruction, under control of ALE, 
RD, and WR. 


TO 


1 


Input pin testable using the condi- 
tional transfer instructions JTO and 
JNTO. TO can be designated as a 
clock output using ENTO CLK 
instruction. TO is also used during 
programming. 


T1 


39 


Input pin testable using the JT1 , 
and JNT1 instructions. Can be des- 
ignated the timer/counter input 
using the STRT CNT instruction. 


INT 


6 


Interrupt input. Initiates an inter- 
rupt if interrupt is enabled. Interrupt 
is disabled after a reset. Also test- 
able with conditional jump instruc- 
tion. (Active low) 



Symbol 


Pin No. 


Function 


RD 


8 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 

Used as a read strobe to external 
data memory. (Active low) 


RESET 


4 


Input which is used to initialize the 
processor. Also used during PROM 
programming verification, and 
power down. (Active low) 
/Nnn TTI V.^l 


WR 


10 


Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 


ALE 


11 


Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 
Thp npnativp prinf nf Al F ^trnhp^ 
address into external data and pro- 
gram memory. 


PSEN 


9 


Program store enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 


SS 


5 


Single step input can be used in 
conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 


EA 


7 


External access input which forces 
all program memory fetches to 
reference external memory. Useful 
for emulation and debug, and 
essential for testing and program 






verification. (Active high) 


XTAL1 


2 


One side of crystal input for internal 
oscillator. Also input for external 
source. (Non TTL V, H ) 


XTAL2 


3 


Other side of crystal input. 
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Table 2. Instruction Set Summary 



Mnemonic 


Description 


Bytes 


Cycle 




Mnemonic 


Description 


Bytes Cycfes 


ADD A R 










I 


■ . . .. 




Add register to A 








35 pAi r arlHr 


Jump to subroutine 


2 2 


Anna /sib 


aoq uaia memory so m 








"l DCTQ 


Retu rn 






Add immediate to A 


2 






(=> RETR 


Return and restore status 


1 2 


a nnf* A d 


Add register with carry 
Add data memory with carry 




























ADDC A, #data 


Add immediate with carry 










Clear carry 
Complement carry 
Clear flag 


] 


AMI A an 


And register to A 
And data memory to A 


| 


! 




CPL C 
g> Q[_p Fo 




ANL A, #data 


And immediate !o A 


s 






£ CPL F0 


Complement flag 


1 1 


ORL A. R 


Or register to A 








CLR F1 


Clear flag 1 


1 1 


6 ORL A. @R 
-f ORL A. »data 


Or data memory to A 








CPL F1 


Complement flag 1 


1 1 


Or immediate to A 














| XRLA. R 
g XRL A, @R 


Exclusive or register to A 
Exclusive or data memory to A 








MOV A, R 


Move register to A 


1 1 


< XRL A, *data 


Exclusive or immediate to A 








MOV A, @R 


Move data memory to A 


1 1 


INC A 


Increment A 








MOV A. #data 


Move immediate to A 


2 2 


DEC A 


Decrement A 








MOV R. A 


Move A to register 


1 1 


CLR A 


Clear A 








MOV @R. A 


Move A to data memory 


1 1 












CPL A 


Complement A 








„ MOV R. #data 


Move immediate to register 


2 2 


DA A 


Decimal adjust A 








| MOV @R. #data 


Move immediate to data memory 


2 2 


SWAP A 


Swap nibbles ot A 








2 MOV A, PSW 


Move PSW to A 


1 1 


RL A 


Rotate A left 








S MOV PSW, A 


Move A to PSW 


1 1 


RLC A 


Rotate A left through carry 








Q XCH A, R 


Exchange A and register 


1 1 


RR A 


Rotate A right 








XCH A. @R 


Exchange A and data memory 


1 1 


RRC A 


Rotate A right through carry 








XCHD A, @R 


Exchange nibble of A and register 


1 1 






MOVX A, @R 
MOVX @R. A 


Move external data memory to A 
Move A to external data memory 


1 2 












1 2 


IN A. P 


Input port to A 




2 




MOVP A, @A 


Move to A from current page 


1 2 


OUTL P, A 


Output A to port 




2 




MOVP3 A. @A 


Move to A from page 3 


1 2 


ANL P. #data 


And immediate to port 
Or immediate to port 




2 








3 ORL P. #data 




2 










S- INS A, BUS 


Input BUS to A 




2 




_ MOV A. T 


Read timer/counter 


1 1 


O OUTL BUS. A 


Output A to BUS 




2 




c MOV T, A 


Load timer/counter 


1 1 


i ANL BUS, #data 
= ORL BUS. »data 


And immediate to BUS 




2 




o STRTT 


Start timer 


1 1 


Or immediate to BUS 




2 




^ STRTCNT 


Start counter 


1 1 


MOVD A. P 


Input expander port to A 




2 




| STOPTCNT 
P ENTCNTI 


Stop timer/counter 


1 1 


MOVD P. A 


Output A to expander port 




2 




Enable timer/counter interrupt 


1 1 


ANLD P. A 


And A to expander port 




2 




DISTCNTI 


Disable timer/counter interrupt 


1 — * 1 


ORLD P. A 


Or A to expander port 




2 




























EN 1 


Enable external interrupt 


1 1 


£ INCR 


Increment register 




1 




_ DIS 1 
2 SEL RBO 
o SEL RB1 


Disable external interrupt 


1 1 1 


o > INC@R 
£ DEC R 


Increment data memory 
Decrement register 




1 
1 




Select register bank 
Select register bank 1 


1 1 
1 1 












° SEL MBO 
SEL MB1 


Select memory bank 
Select memory bank 1 


1 1 












1 1 


JMP addr 


Jump unconditional 


2 


2 




ENTO CLK 


Enable clock output on TO 


1 1 


JMPP@A 


Jump indirect 


1 


2 










DJNZ R, addr 


Decrement register and skip 


2 


2 










JC addr 


Jump on carry = 1 
Jump on carry = 
Jump on A zero 


2 


2 




NOP 


No operation 


1 1 


JNC addr 


2 


2 






JZaddr 


2 


2 








£ JNZ addr 


Jump on A not zero 


2 


2 








c JTOaddr 


Jump on TO = 1 


2 


2 








£ JNTOaddr 


Jump on TO - 


2 


2 








JT1 addr 


Jump on T1 = 1 
Jump on T1 = 


2 


2 








JNT1 addr 


2 


2 








JFO addr 


Jump on F0 - 1 


2 


2 








JF1 addr 


Jump on F1 = 1 


2 


2 








JTF addr 


Jump on timer flag 


2 


2 








JNI addr 


Jump on INT = 


2 


2 








JBb addr 


Jump on accumulator bit 


2 


2 









Mnemonics copyright Intel Corporation 1982 
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ABSOLUTE MAXIMUM RATINGS* 'NOTICE: Stresses above those listed under "Absolute 

Ambient Temperature Under Bias 0°C to 70°C Maximum Ratings" may cause permanent damage to the 

Storage Temperature - 65°C to +125°C device - This is a stress rating only and functional operation 

Voltage on Any Pin with Respect °< the device at these or an * 0,her conditions above those 

to Ground - 0.5V to +7V indicated in the operational sections of this specification is 

Power Dissipation . ......................... -[ .5 Watt no> impHed- Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS <t a = o°c to 70°c, v cc = v DD = +5V ± 10%, v ss = ov> 









Limits 






Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


V,l 


Input Low Voltaqe 

(All Except RESET, X1, X2) 


-.5 




.8 


V 




V,L, 


Input Low Voltage 
(RESET, X1. X2) 


-.5 




.6 


V 




ViH 


Input High Voltage 

(All Except XTAL1, XTAL2, RESET) 


2.0 




Vcc it 


V 
















v,„, 


Input High Voltage (X1, X2. RESET) 


3.8 




Vex 


V 




Vol 


Output Low Voltage (BUS) 






.45 


V 


Iol = 2.0 mA 


Voli 












Iol = 1.8 mA 


Output Low Voltaqe 
(RD, WR, PSEN, ALE) 






.45 


V 


VOL2 


Output Low Voltage (PROG) 






.45 


V 


Iol = 1.0 mA 


VoL3 


Output Low Voltage 
(All Other Outputs) 






.45 


V 


Iol = 1.6 mA 












VOH 


Output High Voltage (BUS) 


2.4 






V 


Ioh = -400£<A 


VoHl 


Output High Voltage 
(RD, WR, PSEN, ALE) 


2.4 






V 


Ioh = -100 /UA 


VoH2 


Output High Voltage 


2.4 






V 


Ioh = -40/uA 




(All Other Outputs) 












Ili 


Input Leakage Current (T1, INT) 






t10 


/"A 


Vss < V, N < Vcc 


lui 


Input Leakage Current 
(P10-P17, P20-P27. EA, SS) 






-500 


tiA 


Vss + .45 < V, N < Vcc 


I to 


Output Leakage Current (BUS, TO) 
(High Impedance State) 






+ 10 


H* 


Vss + .45 < V, N < Vcc 


Idd 


Voo Supply Current 




5 


15 


mA 





loD + IcC 


Total Supply Current 




60 


135 


mA 
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WAVEFORMS 



COMBINATION PROGRAM/VERIFY MODE (EPROM's ONLY) 





23V I— 
EA / 







\ I 



/ V 



_/ ADDRESS \y 
A (0-7) VALID A 



ADDRESS V DATA TO SE 

"~)VALID A PROGRAMMED VALID 



ADDRESS 18-9) VALID 



-25- 



7 



o \ / \ 



X 



~\ r 







>/ V DATA \_ _/ NEXT ADDR 

"A A "* LID / \ vkC '° A 

XNEXT 
ADDRESS 



r 



VERIFY MODE (ROM/EPROM) 



1 V 



J V 



/ ADDRESS V DATA OUT \_ _/ 

^ 10-7) VALID f\ VALID 



NEXT 
ADDRESS 



XNEXT DATA . 
OUT VALID 



X 



ADDRESS 18-9) VALID 



X 



NEXT ADDRESS VALID 



NOTES 

1. PROG MUST FLOAT IF EA IS LOW (i e *23V) 
2 X, AND X, DRIVEN BY 3 MHz CLOCK WILL GIVE 5ysec to 
PARTS AS WELL AS STANDARD PARTS 



The 8748 EPROM can be programmed by either of 
two Intel products: 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP series) peri- 
pheral of the Intellec® Development System with a 
UPP-848 Personality Card. 
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A.C. CHARACTERISTICS (PORT 2 TIMING) (T A = o°cto 70° c, v cc = 5v±io%, v ss = ov) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


tcp 


Port Control Setup Before Falling 
Edge of PROG 


110 




ns 




tcp 


Port Control Hold After Falling 
Edge of PROG 


100 




ns 




tpR 


PROG to Time P2 Input Must Be Valid 




810 


ns 




IFF 


Input Data Hold Time 





150 


ns 




tDP 


Output Data Setup Time 


250 




ns 




tpD 


Output Data Hold Time 


65 




ns 




tpp 


PROG Pulse Width 


1200 




ns 




tpu 




350 




ns 




tLP 


Port2,/OD a;a setp 
Port 2 I/O Data Hold 


150 




ns 





PORT 2 TIMING 



V — v 



DC 



XPORT 2o- 3 DATA Y PORT CONTROL OUTPUT 
> A 



DC 



^ PORT 2o- 3 DATA ^ 



PORT CONTROL 



_lo_ 



xz 



INPUT 
DATA 



r 
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CRYSTAL OSCILLATOR MODE 



LC OSCILLATOR MODE 



L C NOMINAL f 

45 20 DF 5 2 MHz 
120 iM 20 pF 3.2 MHz 



XTAL 2 



C1 = 5pF ± VzpF (STRAY <5 pF) 
C2 - (CRYSTAL ± STRAY) <8 pF 
C3 - 20pF ± 1pF (STRAY < 5 pF) 




Cpp = 5- 10 pF PIN-TO-PIN 
XTAL2 CAPACITANCE 



CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 750 AT 6 MHz: LESS EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUDING STRAY CAPACITANCE 

THAN 180O AT 3.6 MHz 



DRIVING FROM EXTERNAL SOURCE 

MM 



-o 




FOR XTAL 1 AND XTAL 2 DEFINE "HIGH " AS VOLTAGES ABOVE 1 ,6V AND "LOW" 
AS VOLTAGES BELOW 1 ,6V THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS: 



FOR THE8748, XTAL MUST BE HIGH 45 -50% OF THE PERIOD AND XTAL 2 MUST 
BE HIGH 50 - 55% OF THE PERIOD 

RISE AND FALL TIMES MUST NOT EXCEEl 



PROGRAMMING, VERIFYING, AND 
ERASING THE 8748 EPROM 

Programming Verification 

In brief, the programming process consists of: activat- 
ing the program mode, applying an address, latching 
the address, applying data, and applying a program- 
ming pulse. Each word is programmed completely 
before moving on to the next and is followed by a 
verification step. The following is a list of the pins used 
for programming and a description of their functions: 



WARNING: 

An attempt to program a missocketed 8748 writ result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may be 
used to disable the programmer. 

The Program/Verify sequence is: 

1. Vdd = 5 V, Clock applied or internal oscillator operating, 
RESET = 0V, TEST = 5V, EA = 5V, BUS and PROG 
floating. 

2. Insert 8748 in programming socket. 

3. TEST = 0V (select program mode) 

4. EA = 23V (activate program mode) 

5. Address applied to BUS and P20-1 



Pin 


Function 


XTAL 1 


Clock Input (1 to 3MHz) 


Reset 


Initialization and Address Latching 


TestO 


Selection of Program or Verify Mode 


EA 


Activation of Program/Verify Modes 


BUS 


Address and Data Input 




Data Output During Verify 


P20-1 


Address Input 


Vdd 


Programming Power Supply 


PROG 


Program Pulse Input 



6. RESET = 5V (latch address) 

7. Data applied to BUS 

8. Vod — 25V (programming power) 

9. PROG = 0V followed by one 50ms pulse to 23V 

10. V DD = 5V 

11. TEST = 5V (verify mode) 

12. Read and verify data on BUS 
T3. TEST0 = 0V 



14. RESET = 0V and repeat from step 5 



15. Programmer should be at conditions of step 1 when 8748 is 
removed from socket. 
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A.C. TIMING SPECIFICATION FOR PROGRAMMING <t» = 25° c ± 5°c, v cc = sv ± 5%. v 0D = 25V ± i V) 



Symbol 


Parameter 

■ 


Min 


Max 


Unit 


Test Conditions 


tAW 


Address Setup Time to RESET! 


4tcv ' 








twA 


Address Hold Time After RESET t 


4t C y 












4t C Y 








tow 


Data in Setup Time to PROG I 








twD 


Data in Hold Time After PROG 1 


4tcv 








tpM 


RESET Hold Time to Verify 


4t C Y 








tvDOW 


Vdd 


4t C Y 








tvDDH 


Voo Hold Time After PROG 1 











tpw 


Program Pulse Width 


50 


60 


mS 




tTW 


Test Setup Time for Program Mode 


4t C Y 








twT 


Test Hold Time After Program Mode 


4t C Y 








too 


Test to Data Out Delay 




4t C Y 






tww 


RESET Pulse Width to Latch Address 


4t C Y 








t„ tl 


Vod and PROG Rise and Fall Times 


0.5 


2.0 


yUS 




tcY 


CPU Operation Cycle Time 


5.0 




fJS 





tRE 


RESET Setup Time before EAI 


4tcY 









NOTE: If Test is high too can be triggered by RESET i 

D.C. SPECIFICATION FOR PROGRAMMING (T A = 25°c ± 5°c, v C c = 5V±5%. v DD = 25V± W) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


Vdoh 


Voo Program Voltage High Level 


24.0 


26.0 


V 




VoOL 


Vdd Voltage Low Level 


4.75 


5.25 


V 




Vp„ 


PROG Program Voltage High Level 


21.5 


24.5 


V 




Vpl 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 


8748 














Veal 


EA Voltage Low Level 




5.25 


V 




Ido 


Vdd High Voltage Supply Current 




30.0 


mA 




IpROQ 


PROG High Voltage Supply Current 




16.0 


mA 




Iea 


EA High Voltage Supply Current 




1.0 


mA 
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: 



CH FROM EXTERNAL 



READ FROM EXTERNAL DATA MEMORY 



_r 



BUS FLOATING 



J L - J I I L 



I- * -j b |— 





|- tec Id, [- — 



\/ C FLOATING ^ ^""flOATING ^ BUS FLOATING^PDRESsX X "X "*) ^ 
r "° INSTRUCTION .. u„_l .. 



WRITE TO EXTERNAL DATA MEMORY 

- J I I L 



|- Ice — »j m |— 



WR 



X— 
211 



TEST POINTS ; 



2lA- 



BUS FLOATING^ADDRESS^FLOATING^ DATA ^ FLOATING 



A.C. CHARACTERISTICS (T A = o°c to 70°c*, v cc = v DD 





+ 5V±10%, Vss=OV) 







87481 


8035 






Symbol 


Parameter 


Min 


Max 


Unit 


Conditions (Note 1) 


ill 


ALE Pulse Width 


400 




ns 
















tAL 


Address Setup to ALE 




120 










ns 




tLA 


Address Hold from ALE 


80 




ns 




tec 


Control Pulse Width (PSEN, RD, WR) 


700 




ns 




tDW 


Data Setup before WR 


500 




ns 




'WD 


Data Hold After WR 


120 




ns 


C|_=20pF 


tCY 


Cycle Time 


2.5 


15.0 


MS 


6 MHzXTAL = 2.5 


'DR 


Data Hold 





200 


ns 




tRD 


PSEN, RD to Data In 




500 


ns 




*AW 


Address Setup to WR 


230 




ns 




'AD 


Address Setup to Data In 




950 


ns 




(AFC 


Address Float to RD, PSEN 







ns 




tCA 


Control Pulse to ALE 


10 




I 



NOTE 1: Control outputs: C L = 80 pF 
BUS Outputs: C = 150pF 



tcv = 2.5 for standard parts 
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8243 

MCS^48 INPUT/OUTPUT EXPANDER 

EXPRESS 



0°C to 70°C Operation 
-40°C to 85°C Operation 
168 Hr. Burn-in 



The new Intel EXPRESS 8243 family is a process enhanced version of the familiar MCS-48 input/output ex- 
pander. The EXPRESS versions are designed to meet the needs of those applications whose operating re- 
quirements exceed commercial standards, but fall short of military conditions. 

The EXPRESS options include the commercial standard and -40°C to 85°C operation with or without 168 
±8 hours of dynamic burn-in a 125°C per MIL-STD-883B, method 1015. Figure 3 summarizes the option 
marking designators and package selections. 

All EXPRESS features and operating characteristics are identical to the standard, commercial grade part 
except the VCC supply current. This specification is increased by 5mA on -40°C to 85°C EXPRESS op- 
tions only: 15mA typical/25 mA maximum. 




P50 C 


1 


24 


3% 


p« c 


2 


23 


J P51 




3 


22 


DPS2 


mj C 


4 


21 


DPS3 


M3C 


5 


20 


U P60 


ESC 


6 8243 


19 


DP61 


progC 




18 


J P62 


P23C 


8 


" 


DP63 


P22C 


9 


.6 


3P73 


P21C 


10 


« 


Z]P72 


P20C 


" 


14 


DP71 


GNDC 


12 


13 


HP70 



Figure 1. 8243 Block Diagram 



'Commercial grade 
P= Plastic package 
D = Cerdip package 



Figure 3. Available 8243 EXPRESS OPTIONS 
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8243 







Table 1. Pin Description 



Symbol 


Pin No. 


Function 


PROG 

cs 


7 
6 


Clock Input. A high to low transi- 
tion on PROG signifies that ad- 
dress and control are available on 
P20-P23, and a low to high transi- 
tion signifies that data is available 
on P20-P23. 

Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 


P20-P23 


11-8 


Four (4) bit bi-directional port con- 
tains the address and control bits 
on a high to low transition of 
PROG. During a low to high tran- 
sition contains the data for a sel- 
ected output port if a write opera- 

tinn r\ r tho Hata f rr\ m a ©oloctorH 
HUM, Ul 111(5 Udld IIUIII a otSICUlCU 

port before the low to high transi- 
tion if a read operation. 


GND 


12 


volt supply. 


P40-P43 
P50-P53 
P60-P63 
P70-P73 


2-5 
1, 23-21 
20-17 
13-16 


Four (4) bit bi-directional I/O ports. 
May be programmed to be input 
(during read), low impedance 
latched output (after write), or a tri- 
state (after read). Data on pins 
P20-P23 may be directly written, 
ANDed or ORed with previous 
data. 


vcc 


24 


+5 volt supply. 



FUNCTIONAL DESCRIPTION 
General Operation 

The 8243 contains four 4-bit I/O ports which serve 
as an extension of the on-chip I/O and are ad- 
dressed as ports 4-7. The following operations may 
be performed on these ports: 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. 

• AND Accumulator to Port. 

• OR Accumulator to Port. 

All communication between the 8048 and the 8243 
occurs over Port 2 (P20-P23) with timing provided 
by an output pulse on the PROG pin of the proces- 
sor. Each transfer consists of two 4-bit nibbles: 

The first containing the "op code" and port address 
and the second containing the actual 4-bits of data. 
A high to low transition of the PROG line indicates 
that address is present while a low to high transition 
indicates the presence of data. Additional 8243's 
may be added to the 4-bit bus and chip selected 
using additional output lines from the 8048/8748/ 
8035. 



Power On Initialization 

Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and 
port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first 
high to low transition of PROG causes device to 
exit power on mode. The power on sequence is 
initiated if VCC drops below 1V. 



Address Instruction 
P21 P20 Code P23 P22 Code 

Port 4 Read 

° I pZI i o rS 

1 1 Port 7 11 ANLD 

Write Modes 

The device has three write modes. MOVD Pi. A dir- 
ectly writes new data into the selected port and old 
data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD Pi, A 
takes new data, AND's it with the old data and then 
writes it to the port. Operation code and port ad- 
dress are latched from the input port 2 on the high 
to low transition of the PROG pin. On the low to high 
transition of PROG data on port 2 is transferred to 
the logic block of the specified output port. 
After the logic manipulation is performed, the data 
is latched and outputed. The old data remains 
latched until new valid outputs are entered. 

Read Mode 

The device has one read mode. The operation code 
and port address are latched from the input port 2 on 
the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, 
the appropriate outputs are tri-stated, and the input 
buffers switched on. The read operation is termina- 
ted by a low to high transition of the PROG pin. The 
port (4, 5, 6 or 7) that was selected is switched to the 
tri-stated mode while port 2 is returned to the input 
mode. 

Normally, a port will be in an output (write mode) or 
input (read mode). If modes are changed during 
operation, the first read following a write should 
be ignored: all following reads are valid. This is to 
allow the external driver on the port to settle after 
the first read instruction removes the low imped- 
ance drive from the 8243 output. A read of any port 
will leave that port in a high impedance state. 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5 V to +7V 

Power Dissipation 1 Watt 

D.C. CHARACTERISTICS t a = o-c to 70°c, v C c - 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion ol the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



5 V 10% 



Symbol 


Parameter 


Mln. 


Typ. 


Max. 


Units 


Test 
Conditions 




■ 

Input Low Voltage 


-0.5 




0.8 


V 




VTC 






VlH 


Input High Voltage 


2.0 




VCC+0.5 


V 




VOL1 


Output Low Voltage Ports 4-7 






0.45 


V 


IOL = 4.5 mA' 


VOL2 


Output Low Voltage Port 7 






1 


V 


IOL = 20 mA 


VOH1 


Output High Voltage Ports 4-7 


2.4 






V 


IOH = 240mA 


HL1 


Input Leakage Ports 4-7 


-10 




20 


fA 


Vin = VCC io OV 


IIL2 


Input Leakage Port 2, CS, PROG 


-10 




10 


mA 


Vin = VCC to OV 


VOL3 


Output Low Voltage Port 2 






.45 


V 


IOL = 0.6 mA 


ICC 


VCC Supply Current 




10 


20 


mA 


NOTE 1 


VOH2 




2.4 










Output Voltage Port 2 








IOH = 100/iA 


IOL 


Sum of all IQL from 16 Outputs 






72 


mA 


4.5 mA Each Pin 



; following graph for additional sink current capability 



A.C. CHARACTERISTICS t a = o°c to 70°c, v C c = sv 



10% 



Symbol 


Parameter 


Mln. 


Max. 


Units 


Test Conditions 










tA 


Code Valid Before PROG 


100 




ns 


80 pF Load 


ta 


Code Valid After PROG 


60 




ns 


20 pF Load 


tc 


Data Valid Before PROG 


200 




ns 


80 pF Load 


to 


Data Valid After PROG 


20 




ns 


20 pF Load 


tH 


Floating After PROG 





150 


ns 


20 pF Load 


tK 


PROG Negative Pulse Width 


700 




ns 




tcs 


CS Valid Before/ Aft»r PROG 


50 




ns 




tPO 


Ports 4-7 Valid Afte. 3 .=ROG 




700 


ns 


100 pF Load 


t|_P1 


Ports 4-7 Valid Before/After PROG 


100 




ns 




tACC 










80 pF Load 


Port 2 Valid After PROG 




650 






TEST POINTS 




AC Testing: Inputs are driven at 2.4V tor a logic "1" and 0.45V tor a logic "0". Output timing measurements are made at 2.0V for a 
logic "1" and 0.8V for a logic "0". 



Note 1: Ice (-40° to 85°C EXPRESS options) 15mA typical/25mA maximum. 
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WAVEFORMS 




'k 



<D 



INSTRUCTION 



■ "ACC- 



X OUTPUT _ 
VALI ° A 



REVIOUS OUTPUT VALID 



A 











->PO- 



OUTPUT 
VALID 



'IP 



X 
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Sink Capability 

The 8243 can sink 5 mA @ .45V on each of its 16 I/O 
lines simultaneously. If, however, all lines are not 
sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line 
increases as is shown by the accompanying curve. 

For example, if only 5 of the 16 lines are to sink 
current at one time, the curve shows that each of 
those 5 lines is capable of sinking 9 mA @ .45V (if 
any lines are to sink 9 mA the total IOL must not 
exceed 45 mA or five 9 mA loads). 

Example: How many pins can drive 5 TTL loads (1 .6 mA) 
assuming remaining pins are unloaded? 



IOL = 5 x 1.6 mA = 8 mA 
elOL - 60 mA from curve 
# pins = 60 mA * 8 mA/pin ■ 



7.5 = 7 



In this case, 7 lines can sink 8 mA for a total of 
56mA. This leaves 4 mA sink current capability 
which can be divided in any way among the 
remaining 8 I/O lines of the 8243. 



Example: This example shows how the use of the 20 mA 
sink capability of Port 7 affects the sinking 
capability of the other I/O lines. 



An 8243 will 
taneously. 



drive the following loads simul- 



2 loads— 20 mA @ 1 V (port 7 only) 
8 loads — 4 mA @ 45V 
6 loads— 3.2 mA@ ,45V 
Is this within the specified limits? 

tlOL = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. 
From the curve: for IOL = 4 mA, elOL ■" 93 mA. 
since 91.2 mA < 93 mA the loads are within 
specified limits. 

Although the 20 mA @ 1V loads are used in 
calculating tlOL, it is the largest current re- 
quired @ .45V which determines the maximum 
allowable t lQL. 



NOTE: A10 to 50KO pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly. 
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8243 




cs 


P4 


PROG 


P5 


8243 


P6 


DATA IN 




P2 


P? 



Figure 4. Expander Interface 
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--cue 



00"! READ O0~ 

01 J. WRITE 01 f 

10 OR 10 \ I 

11 A NO 11J 



ADDRESS 14BITS) DATA [4 BITS) 



1 









Figure 5. Output Expander Timing 





8048 
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CO 

c 
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PROG P20 3 

TV 



_ 



00 


cs 




OO 


cs 


00 


cs 


00 


oo 


824 




00 




00 


8243 


oo 


OO 






00 




00 




oo 


oo 


PROG P 

z 


20-3 
\ 


00 


PROG P20-3 

4 i> 


oo 


PROG P20-3 

A 


00 



■ 























- 

Figure 6. Using Multiple 8243's 
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1 113110*11*03-3. 



SINGLE-COMPONENT 8-BIT MICROCOMPUTERS 









EXPRESS 
■ 0°C to 70°C Operation 








■ -40°C to 85°C Operation 

I - 














■ 168 Hr Burn-in 








■ 8048H/8035HL ■ 8748 








■ 8049H/8039HL ■ 8022 



The new Intel EXPRESS family of single-component 8-bit microcomputers offers enhanced processing 
options to the familiar 8048H/8035HL, 8748, 8049H/8039HL and 8022 Intel components. These EXPRESS 
products are designed to meet the needs of those applications whose operating requirements exceed 
commercial standards, but fall short of military conditions. 

The EXPRESS options include the commercial standard and -40° to 85°C operation with or without 168 ±8 
hours of dynamic burn-in at 125°C per MIL-STD-883B, method 1015. Figure 1 summarizes the option mark- 
ing designators and package selections. 

For a complete description of 8048H/8035HL, 8748, 8049H/8039HL, and 8022 features and operating 
characteristics, refer to the respective standard commercial grade data sheet. This document highlights 
only the electrical specifications which differ from the respective commercial part. 




D8048H 



P8035HL 



D8035HL 



D8748 



P8049H 



D8049H 



P8039HL 



D8039HL 



P8022 



D8022 



P8243 



D8243 



TD8048H 



TP8035HL 



TD8035HL 



TD8748 



TP8049H 



TD8049H 



TP8039HL 



TD8039HL 



TP8022 



TD8022 



TP8243 



TD8243 



QD8048H 



QP8035HL 



QD8035HL 



QD8748 



QP8049H 



QD8049H 



QP8039HL 



QD8039HL 



QP8022 



QD8022 



QP8243 



QD8243 



* Commercial grade 
P= plastic package 
D = cerdip package 

Figure 1. EXPRESS Options 



LD8048H 



LD8035HL 



LD8748 



LD8049H 



LD8039HL 



LD8022 



LD8243 
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Extended Temperature Electrical Specification Deviations* 



8048H/8035HL 

DC CHARACTERISTICS Pa = -40"C to 85°C; V C C = VDD = 5V ±10%; V SS = 0V) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typ 


Max 


V|H 


Input High Voltage (All except XTAL1, XTAL2, RESET) 


2.2 




vcc 


V 




'DO 


Vdd Supply Current 




6 


12 


mA 




IDD + 

ice 


Total Supply Current 




50 


95 


mA 




VDD 


RAM Standby Pin Voltage 


3.0 






V 


RESETS 0.6V 


8049H/8039HL 

DC CHARACTERISTICS PA = -40°C to 85°C; V C C = Vdd = 5V ±10%; V S S = 0V) 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typ 


Max 


V|H 


Input High Voltage (All except XTAL1, XTAL2, RESET) 


2.2 




vcc 


V 




idd 


Vdd Supply Current 




10 


20 


mA 




idd + 
Jcc — 


Total Supply Current 




75 


120 


mA 




DC CHA 


. . . . . _ . , 


8748 

RACTERISTICS (T A = -40°C to 85°C; Vcc = Vdd = 5V ±10%; Vss = 0V) 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typ 


Max 


V|H 


Input High Voltage (All except XTAL1, XTAL2, RESET) 


2.2 




vcc 


V 




ILI1 


Input Leakage Current (P10-P17, P20-27, EA SS) 






■600 


HA 


Vss + -45 £ 
V|N £ V C C 


idd 


Vdd Supply Current 




10 


20 


mA 




idd + 
ice 


Total Supply Current 




75 


145 


mA 





•Refer to individual commercial grade data sheets for complete operating characteristics. 
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Extended Temperature Electrical Specification Deviations* 



8748 

AC CHARACTERISTICS (T A = -40°C to 85°C; Vcc = Vdd = 5V +10%; Vss = 0V) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


tCP 


Port Control Setup Before Falling Edge of PROG 


115 




ns 










tpc 


Port Control Hold Aftpr Fallino Fdae of PROG 


65 




ns 




tPR 


PROG to Time P2 Input Must Be Valid 




860 


ns 




tPF 


Input Data Hold Time 





160 


ns 






tDP 


Output Data Setup Time 


230 




ns 




tPD 


Output Data Hold Time 


25 










ns 




tpp 


PROG Pulse Width 


920 




ns 




tPL 


Port 2 I/O Data Setup 


300 




ns 




tLP 


Port 2 I/O Data Hold 


120 












ns 




tLL 


ALE Pulse Width 


300 




ns 




tAL 


Address Setup to ALE 


120 




ns 




'LA 


Address Hold from ALE 


80 




ns 




tec 


Control Pulse Width (PSEN, RD, WR) 


600 




ns 




tDW 


Data Setup Before WR 


600 




ns 




tWD 


Data Hold After WR 


120 




ns 


C L = 20 D F 


tCY 


Cycle Time 


4.17 


15.0 


U S 


(3.6 MHz XTAL) 


*DR 


Data Hold 





200 


ns 








tRD 


PSEN, RD to Data In 




600 


ns 











tAW 


Address Setup to WR 


260 




ns 




'AD 


Address Setup to Data In 




900 


ns 




tAFC 


Address Float to RD, PSEN 


-60 




ns 




tCA 


Control Pulse to ALE 


10 




ns 





Note: Control Outputs: C L = 80 pf; Bus Outputs: C L = 150 pf; tCY = 417 uSec 

•Refer to individual commercial grade data sheets for complete operating characteristics. 
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Extended Temperature Electrical Specification Deviations* 

8022 



DC CHARACTERISTICS OA = -40°C to 85°C; V C C = 5.5V± 1V; V S S = 0V) 







Limits 






Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


V|L1 


Input Low Voltage (Port 0) 


•0.5 




VTH -0.2 


V 




V|H 


Input High Voltage 

(All except XTAL1, RESET) 


2.3 




VCC 


V 


VCC = 5.0V 

±10% VTH Floating 






V|H1 


Input High Voltage 

(All except XTAL1, RESET) 


3.8 




VCC 


V 


Vcc = 5.5V ± 1V 
VTH Floating 








V|H2 


Input High Voltage (Port 0) 


VTH + 
0.2 












VCC 


V 




V|H3 


Input High Voltage (RESET. XTAL1) 


3.8 




VCC 


V 








VlL 




■0.5 










Input Low Voltage 




0.5 


V 




vol 


Output Low Voltage 






0.45 


V 


IOL = 0.8mA 


V L1 


Output Low Voltage (P10, P11) 






2.5 


V 


IOL = 3mA 


VOH 


Output High Voltage (All unless open 
drain option Port 0) 


2.4 






V 


IOH = 30uA 
















Input Current (T1) 






±700 


UA 


VCC>VIN> 














VSS + 0.45V 


iLli 


Input Current to Ports 






500 


WA 


VIN = 0.45V 


ice 


Vcc Supply Current 






120 


mA 





AC CHARACTERISTICS 0a = -40°C to 85°C; V C C =5.5V± 1V; V S S = 0V) 















Symbol 


Parameter 




Min 


Max 


Unit 


Test Conditions 


tCY 


Cycle Time 


8.38 


50.0 


MS 


3.58 MHz XTAL = 8.38uS tCY 


VT1 


Zero-Cross Detection Input (T1) 


1 


3 


VACpp 


AC Coupled 


AZC 


Zero-Cross Accuracy 




±200 


mV 


60Hz Sine Wave 


FT1 


Zero-Cross Detection Input 
Frequency(TI) 


0.05 


1 


kHz 




tLL 


ALE Pulse Width 


3.9 


23.0 


us 


tCY = 8.38 ps for min 



Note: Control Outputs: Cl = 80 pf; TCY = 8.38 psec. 



A/D CONVERTER CHARACTERISTICS (AVCC = 5.5V±1V; AVSS = 0V; AVCC/2 < VAREF< AVCC) 



Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typ 


Max 


Absolute Accuracy 






1.6% FSR 
± 1/2 LSB 


LSB 





Note: The analog input must be maintained at a constant voltage during the sample time (tss + tsh). 
•Refer to individual commercial grade data sheets for complete operating characteristics. 
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M8048/M8748/M8035L 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 

MILITARY 

■ 8048 Mask Programmable ROM 

■ 8748 User Programmable/Erasable EPROM 

■ 8035L Requires External ROM or EPROM 

■ Over 90 Instructions: 70% Single Byte 

■ 1Kx 8 ROM/ EPROM 
64 x 8 RAM 



-55 C to + 125 C 6 MHz Operation 
(M8048/M8035L) 

-55 C to + 125 C 3.6 MHz Operation 
(M8748) 

8-Bit CPU, ROM, RAM, I/O in Single 
Package 

Interchangeable ROM and EPROM 

Versions 

Single 5V Supply 

2.5 /tsec and 5.0 fi sec Cycle Versions 
All Instructions 1 or 2 Cycles. 



27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with 8080/8085 Series 

Peripherals 

Single Level Interrupt 

Screened to MIL-STD-883B 



The Intel M8048/M8748/M8035L are totally self-sufficient 8-bit parallel computers fabricated on single silicon chips 
using Intel's N-Channel silicon gate MOS process. 

The M8048 contains an 8-bit CPU, a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit 
timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra capability, the 
M8048 can be expanded using standard memories and MCS-80 s /MCS-85 ! peripherals. The M8035L is the 
equivalent of an M8048 without program memory, and has the RAM power down mode of the M8048. To reduce 
development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible* 
versions of this single component micro-computer exist: the M8748 with user-programmable and erasable EPROM 
program memory for prototype and preproduction systems, the M8048 with factory-programmed mask ROM 
program memory for low cost, high volume production, and the M8035L without program memory for use with 
external program memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The M8048 has ex- 
tensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 
•V DD is used to program the M8748 and used tor low power standby on the M8048/8035L 




r , 

4- 



PROGRAM 
-STORE 
ENABLE 

ADDRESS 
» LATCH 
ENABLE 

PORT 
* E XPANUER 
STROBE 



XTAL 1 
XTAL 2 
RESET 



ssL" s 

INT!" 6 

t > 



aleC 

MoC 
D8, C 
DB ;C 
OB,C 

pa, C 

08, C 

DB, C 



M8048 „ 
M8748 j. 
■M8035L , 



3" 

3P26 
HP26 
3P24 
}PT7 
3P16 
JP1S 
J-PI4 
3.P13 
>'2 
>n 
] pio 

□ PROG 
3 "5 
3P22 
DP2t 
JP20 



Figure 1. Block Diagram 



Figure 2. Logic Symbol 



Figure 3. Pin 
Configuration 
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M8048/M8748/M8035L 





CRYSTAL OSCILLATOR MODE 



LC OSCILLATOR MODE 




15 20 pF 

120 jH 20 pF 



C1 = 5pF ± WpF + STRAY < 5pF 
C2 = CRYSTAL * STRAY < 8pF 
C3 = 20pF - IpF + STRAY < 5pF 

CRYSTAL SERIES 

THAN 1 WW AT 




1 

_ C ♦ 3Cp P 



Cp P = S - 10 pF PIN TO PIN 
CAPACITANCE 



,,«T. N C E SHOULD BELE SST„. N7SU AT 6MHi; 



MOULD BE APPROXIMATELY 20 „F INCLUDING STRAY CAPACITANCE 



DRIVING FROM EXTERNAL SOURCE 



■ 



FOR XTAL 1 AND XTAL 2 DEFINE "HIGH" AS VOLTAGES ABOVE 1.6V AND "LOW" 
AS VOLTAGES BELOW 1.6V- THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 ANO XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS: 

FOR THE 8048. XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST 



BE HIGH 35*5% OF THE PERIOD. 

FOR THE 8748. XTAL MUST BE HIGH 45-50% OF THE PERIOD AND XTAL 2 MUST 
BE HIGH 50-55% OF THE PERIOD. 

RISE AND FALL TIMES MUST NOT EXCEED 20 ns. 



Figure 

PROGRAMMING, VERIFYING, AND 
ERASING THE 8748 EPROM 

Programming Verification 

In brief, the programming process consists ot: activat- 
ing the program mode, applying an address, latching 
the address, applying data, and applying a program- 
ming pulse. Each word is programmed completely be- 
fore moving on to the next and is followed by a verifica- 
tion step. The following is a list of the pins used for 
programming and a description of their functions: 



WARNING. 

An attempt to program a missocketed 8748 will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may be 
used to disable the programmer. 

The Program/Verify sequence is: 
1 . V 0D = 5v, Clo ck applied or internal oscillator oper- 
ating, RESET = Ov, TEST = 5v, EA = 5v, BUS and 
PROG floating. 

Insert 8748 in programming socket 
TEST = Ov (select program mode) 
EA = 23v (activate program mode) 
Address applied to BUS and P20-1 



Pin 


Function 


XTAL 1 


Clock Input (1 to6MHz) 


Reset 


Initialization and Address Latching 


TestO 


Selection of Program or Verify Mode 


EA 


Activation of Program/Verify Modes 


BUS 
P20-1 


Address and Data Input 
Data Output During Verify 

Address Input 


V D0 


Programming Power Supply 


PROG 


Program Pulse Input 



2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
ft. 



RESET = 5v (latch address) 
Data applied to BUS 
V DD = 25v (programming power) 
PROG = Ov followed by one 50ms pulse to 23v 



V DD = 5v 



TEST = 5v (verify mode) 

12. Read and verify data on BUS 

1 3. TEST = Ov 

14. RESET = Ov and repeat from step 5 

15. Programmer should be at condition of step 1 when 
8748 is removed from socket. 
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A.C. TIMING SPECIFICATION FOR PROGRAMMING t a = 25°c ± 5°c, v cc = sv ± 5%, v DD = 25V ± w 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 




Address Setup Time to RESET f 


4t CY 










Address Hold Time After RESET | 


4tcY 








'■DW 


Data in Setup Time to PROG f 


4tr-v 










Data in Hold Time After PROG 1 


4tcY 










RESET Hold Time to Verify 


4tcY 








VLJUW 




4tcv 








Vddh 


W UnlH Tirno A (tor DDf\r 1 

v D q noiu i ime Aner rnub j, 

















tp w 


Program Pulse Width 


50 


60 


mS 







Test Setup Time for Program Mode 


4tcY 








*WT 


Test Hold Time After Program Mode 


4tcY 








l D0 


Tp^t (1 tn Data Oi it Dpiav 




4t C v 








RESET Pulse Width to Latch Address 


4Uv 

^'CY 








t f[ t, 


V DD and PROG Rise and Fall Times 


0.5 


2.0 


MS 






CPU Operation Cycle Time 


5.0 








RE 


ppccT Opt. , n Timp Rpfnrp FA t 


4L. , 

^ l CY 








Note: If Test is 

D.C. SPEC 




= 25°C ± 5° 




ugh t D0 can be triggered by RESET | . 

IFICATION FOR PROGRAMMING t a 


3, V cc = 5V ± 5%, V DD = 25V ± 1 V 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Vdoh 


V DD Program Voltage High Level 


24.0 


26.0 


V 




Vddl 


V DD Voltage Low Level 


4.75 


5.25 


V 




Vph 


PROG Program Voltage High Level 


21 5 


24 5 


V 




Vpl 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 


8748 


Veah, 


EA1 Verify Voltage High Level 


11.4 


12.6 


V 


8048 


Veal 


EA Voltage Low Level 




5.25 


V 








Idd 


V 0D High Voltage Supply Current 




30.0 


mA 




'prog 


PROG High Voltage Supply Current 




16.0 


mA 




Iea 


EA High Voltage Supply Current 




1.0 


mA 






. I ' 
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WAVEFORMS 




VERIFY MODE (ROM/EPROM) 



TO, RESET 



J \ f 



\ 



ADDRESS 
10-71 VALID 



X DATA OUT \^ / NEXT W NEXT DATA \ ^ 

VALID y~ ~ ADDRESS OUT VALID J~ 



ADDRESS 18-91 VALID 



X 



NEXT ADDRESS VALID 



NOTES: 

1. PROG MUST FLOAT IF EA IS LOW li e.. *23V). OR IF TO - 5V FOR THE 8748- FOR THE 
8048 PROG MUST ALWAYS FLOAT. 

2. X, AND X 2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5ns«c tcy . THIS IS ACCEPTABLE FOR ALL PARTS. 



The 8748 EPROM can be programmed by either ol two Intel 
products: 

1 . PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP Series) peripheral of the 
Intellec - Development System with a UPP-848 Personality Card 
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Tablel. 



Mnemonic 


Description 




Bytes 


Cycle 






ADD A. R 


Add register to A 




1 


1 




ADD A, @R 


Add data memory to A 




1 






ADD A. sdala 


Add immediate to A 










ADDC A. R 


Add register with carry 




1 


1 




ADDC A. @R 


Add data memory with 


carry 


1 


1 




ADDC A. odata 


Add immediate with carry 








ANL A, R 


And register to A 






! 




ANL A. @R 


And data memory to A 




, 


| 




ANL A ndala 


And immediate to A 










ORL A. R 


Or register to A 




1 


1 


5 


ORL A. @R 


Or data memory to A 




1 


1 


"5 


ORL A »data 


Or immediate to A 








E 

3 


XRL A. R 


Exclusive or register to A 




, 


< 


XRL A, @R 


Exclusive or data memory to A 




1 




XRL A "data 


Exclusive or immediate 


to A 








INC A 


Increment A 






( 




DEC A 


Decrement A 




j 






CLR A 


Clear A 




, 


] 




CPL A 


Complement A 




] 






DA A 


Decimal adjust A 




! 






SWAP A 


Swap nibbles of A 




! 






RL A 


Rotate A left 




1 






RLC A 


Rotate A left through carry 


1 


1 




RR A 


Rotate A right 










RRC A 


Rotate A right through carry 








IN A, P 


Input port to A 




1 


2 




OUTL P, A 


Output A to port 




1 


2 




ANL P. »data 


And immediate to port 






2 




ORL P. idala 


Or immediate to port 






2 




INS A, BUS 


Input BUS to A 






2 


3 


OUTL BUS, A 


Output A to BUS 






2 


o 


ANL BUS. "data 


And immediate to BUS 






2 


3 

a. 


ORL BUS, ndata 


Or immediate to BUS 






2 


- 


MOVD A. P 


input expander port to 


A 








MOVD P, A 


Output A to expander port 




2 




ANLD P. A 


And A to expander port 


1 


2 




ORLD P. A 


Or A to expander port 






2 


s 


INC R 


Increment register 






1 


.2 


INC @R 


Increment data memory 






1 


? 


DEC R 


Decrement register 










JMP addr 


Jump unconditional 




2 


2 




JMPP @A 


Jump indirect 




1 


2 




DJNZ R. addr 


Decrement register and 


skip 


2 


2 




JC addr 


Jump on carry = 1 




2 


2 




JNC addr 


Jump on carry = 




2 


2 




JZ addr 


Jump on A zero 




2 


2 


c 


JNZ addr 


Jump on A not zero 




2 


2 


JTO addr 


Jump on TO - 1 




2 


2 




JNTO addr 


Jump on TO = 




2 


2 




JT1 addr 


Jump on T1 = 1 




2 


2 




JNT1 addr 


Jump on T1 = 




2 


2 




JFO addr 


Jump on FO = 1 




2 


2 




JF1 addr 


Jump on F1 = 1 




2 


2 




JTF addr 


Jump on timer (lag 




2 


2 




JNI addr 


Jump on INT = 




2 


2 




JBb addr 


Jump on accumulator bit 


2 


2 



Set Summary 











Cycles 


Mnemonic 


Description 


oyies 


V 

~ CALL addr 

o RET 

a RETR 
(0 


Jump to subroutine 
Return 

Return and restore statu 


s 


2 


2 
2 
2 


CLR C 
CPL C 
a CLR FO 
L? CPL FO 
CLR F1 
CPL F1 


Clear carry 
Complement carry 
Clear flag 
Complement flag 
Clear flag 1 
Complement flag 1 










MOV A, R 

MOV A, @R 

MOV A, Sdata 

MOV R. A 

MOV @R, A 

MOV R. #data 

S MOV @R, #data 

S MOV A. PSW 

2 MOV PSW. A 
a 

D XCH A. R 
XCHA. @R 
XCHD A. @R 
MOVX A. @R 
MOVX @R, A 
MOVP A. @A 
MOVP3 A. @A 


Move register to A 
Move data memory to a 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data memory 
Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and register 
Move external data memory to A 
Move A to external data memory 
Move to A from current page 
Move to A from page 3 






\ 

2 
2 
2 
2 


MOV A, T 
| MOV T, A 
§ STRT T 
O STRT CNT 
| STOPTCNT 
p EN TCNTI 

DIS TCNTI 


Read timer/counter 

Load timer/counter 

Start timer 

Start counter 

Stop timer/counter 

Enable timer/counter interrupt 

Disable timer/counter interrupt 






\ 


EN 1 

DIS 1 
o SEL RBO 
| SEL RB1 
O SEL MBO 

SEL MB1 

ENTO CLK 


Enable external interrupt 
Disable external interrupt 
Select register bank 
Select register bank 1 
Select memory bank 
Select memory bank 1 
Enable clock output on TO 






NOP 


No operation 


1 


1 









Mnemonics copyright Intel Corporation 1978 
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Table 2. Pin Description 



Symbol 



Pin No. 



PROG 



P10-P17 
Port 1 

P20-P27 
Port 2 



DB -DB 7 
BUS 



20 
26 



40 
25 



27-34 



21-24 
35-38 



12-19 



TO 



T1 



39 



Function 



Circuit GND potential 

Programming power supply; +25V 
during program, +5V during oper- 
ation for both ROM and PROM. Low 
power standby pin in 8048 and 
8035L. 

Main power supply; +5V during oper- 
ation and programming. 

Program pulse (+23V) input pin 
during 8748 programming. 

Output strobe tor 8243 I/O expander. 
8-bit quasi-bidirectional port. 

8-bit quasi-bidirectional port. 
P20-P23 contain the four high order 
program counter bits during an exter- 
nal program memory fetch and serve 
as a 4-bit I/O expander bus for 8243. 

True bidirectional port which can be 
written or read synchronously using 
the RD, WR strobes. The port can 
also be statically latched. 

Contains the 8 low order program 
counter bits during an external pro- 
gram memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instruction, under 
control of ALE, RD, and WR. 

Input pin testable using the condi- 
tional transfer instructions JTO and 
JNTO. TO can be designated as a 
clock output using ENTO CLK instruc- 
tion. TO is also used during program- 
ming. 

Input pin testable using the JT1, and 
JNT1 instructions. Can be designated 
the timer/counter input using the 
STRT CNT instruction. 



Symbol 



INT 



RD 



RESET 



WR 



ALE 



PSEN 



SS 



EA 



XTAL1 



XTAL2 



Pin No. 



10 



Function 



Interrupt input. Initiates an interrupt 
if interrupt is enabled. Interrupt is dis- 
abled after a reset. Also testable with 
conditional jump instruction. (Active 
low) 

Output strobe activated during a BUS 
read. Can be used to enable data 
onto the bus from an external device. 

Used as a read strobe to external 
data memory. (Active low) 

Input which is used to initialize the 
processor. Also used during PROM 
programming verification, and power 
down. (Active low) (Non TTL V |H ) 

Output strobe during a bus write. 
(Active low) 

Used as write strobe to external data 
memory. 

Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 

Program store enable. This output 
occurs only during a fetch to external 
program memory. (Active low) 

Single step input can be used in junc- 
tion with ALE to "single step" the 
processor through each instruction. 
(Active low) 

External access input which forces 
all program memory fetches to refer- 
ence external memory. Useful for 
emulation and debug, and essential 
for testing and program verification. 
(Active high) 

One side of crystal input for internal 
oscillator. Also input for external 
source. (Non TTL V, H ) 

Other side of crystal input. 
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A.C. CHARACTERISTICS (PORT 2 TIMING) t a = 55°c to 125 c v cc = +sv ± 10% = ov 



Symbol 


arametef 


Min. 


Max. 


Unit 


Test Conditions 


tcP 


Port Control Setup Before Falling 
Edge of PROG 


115 




ns 




tpc 


Port Control Hold After Falling 












Edge of PROG 


65 




ns 




tpR 


PROG to Time P2 Input Must Be Valid 




860 


ns 




tpp 


Input Data Hold Time 





160 


ns 














'dp 


Output Data Setup Time 


230 




ns 




tpD 


Output Data Hold Time 


25 




ns 




tpp 


PROG Pulse Width 


920 




ns 




tp L 


Port 2 I/O Data Setup 


300 




ns 




'lp 


Port 2 I/O Data Hold 


120 




ns 





PORT 2 TIMING 





- 



— 



/ 



EXPANDER 
PORT 



EXPANDER 
PORT 







DC 



PORT CONTROL 




OUTPUT DATA 



^ ^ PORT 2p-3 DATA ^ ' PORT CONTROL V JJjfj^ 
- 'CP IPC— ^ 
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WAVEFORMS 



- 



Instruction Fetch From External Program Memory 



Read From External Data Memory 



J 



:|- "oc -1 teA [— 



J L 



|- >CC H ICA 



Annocw/f I-— t«n — * INSTRUCTION 



BUS FLOATING 



Write to External Data Memory 



Input and Output Waveforms for A.C. Tests 



J L 

±z 



BUS FLOATINgVaDDRESsVflOATINgY DATA V" FLOATING 




A.C. CHARACTERISTICS t a = -55°c to 125°C, v cc = v DD = +5V ± 10%, v ss = ov 







M8048 








Symbol 


Parameter 


M8035L 




Unit 


Conditions 
(Notel) 




Min. 


Max. 


Min. 


Max. 




III 


ALE Pulse Width 


200 




300 




ns 




W 


Address Setup to ALE 


120 




120 




ns 




(la 


Address Hold from ALE 


80 




80 




ns 




( cc 


Control Pulse Width (PSEN, RD, WR) 


400 




600 




ns 




km 


Data Setup before WR 


420 




600 




ns 




•wD 














C L = 20pF 


Data Hold After WR 


80 




120 




ns 


'CY 


Cycle Time 


2.5 


15.0 


4.17 


15.0 


/as 


(3.6 MHz 
XTAL 8748) 


tDR 


Data Hold 





200 




200 


- na- 




tRD 


PSEN, RD to Data In 




400 




600 


ns 




'aw 


Address Setup to WR 


230 




260 




ns 




tAD 


Address Setup to Data In 




600 




900 


ns 




tAFC 


Address Float to RD, PSEN 


-40 




-60 




ns 




t C A 


Control Pulse to ALE 


10 




10 




ns 





Note 1 : Control outputs: C L = 80 pF t CY = 2.5 /is for 8048/8035L 
BUS Outputs: C L = 150pF 4. 1 7 /ts for 8748 
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"DASH" NUMBERS AND THEIR 
MEANING 



The purpose of this chart is to show the devia- 
tions from the Standard specifications of 
devices with a "dash" number. Unless other- 
wise mentioned, all the specifications of the 
standard part apply. 



8039-6 



Maximum frequency is 6MHz. 
(not available) 



8035HL-1 Maximum frequency is 11MHz. 

8048H-1 (No dash number means maximum fre- 
quency is 8MHz.) 
(not available) 



8748-4 Does not work with 8243. 

(not available) 

8748-6 Temperature is 0°C to 55°C. 
(not available) 



8035-8 Vcc = +5V ±5%. Maximum 
8748-8 frequency is 3.6 MHz. 

8749H-3 V C C = +5V ±5%. 



8749H-5 Vcc = + 5V ±5%. Temperature range 
is 0"C to 55"C. 
(not available) 

8749H-8 Maximum frequency is 6MHz. 



(not available) 
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80C48/80C35/80C49/80C39 
CHMOS SINGLE-COMPONENT 8-BIT MICROCOMPUTER 

■ 80C48/80C49 Low Power Mask Programmable ROM 

■ 80C35/80C39 Low Power, CPU only 

■ Pin to-pin compatible with Intel's ■ 3 power consumption selections 
8048/8035HL/8049H/8039HL -Normal Operation: 

. 1.36 „sec Instruction Cycle. All IS^V^ 1 ?^ uu 1 Z 

instructions 1 or 2 cycles -' dle M ° de: ? n A 1 1 M „ Hz @ 6V 

* —Power down: 10 mA @ 2.0V 

■ Ability to maintain operation during m 

AC power line interruptions ■ x 1 , 1 MHz TTL compatible operation; 

vcc = ov ± 10% 

■ Exit Idle mode with an external or CMOS compatible operation; 
internal interrupt signal Vcc = 5V ± 20% 

■ Battery Operation 

Intel's 80C48/80C35/80C49/80C39 are low power, CHMOS versions of the popular MCS-48 HMOS family 
members. CHMOS is a technology built on HMOS II and features high resistivity P substrate, diffused 
N well, and scaled N and P channel devices. The 80C48/80C35/80C49/80C39 have been designed to 
provide low power consumption and high performance. 

The 80C48/80C49 contains a 1 K x 8/2K x 8 program memory, a 64 x 8/128 x 8 RAM data memory, 27 I/O 
lines, and an 8-bit timer/counter in addition to an on-board oscillator and clock circuits. For systems 
that require extra capability, the 80C48/80C49 can be expanded using CMOS external memories and 
MCS-80® and MCS-85® peripherals. The 80C35/80C39 is the equivalent of the 80C48/80C49 without 
program memory on-board. 

The CHMOS design of the 80C48/80C49 opens new application areas that require battery operation, low 
power standby, wide voltage range, and the ability to maintain operation during AC power line 
interruptions. These applications include portable and hand-held instruments, telecommunications, 
consumer, and automotive. 



PROGRAM 
MEMORY 



7v 



8 BIT 
CPU 



8 BIT 
TIMER 
EVENT COUNTER 



Figure 1. 
Block Diagram 



SINGLE 
STEP " 
EXTERNAL 
MEM " 



INTERRUPT 



{: 

PT— » 



80C48 
80C35 
80C49 
80C39 



<A>T 
<A>T 



PROGRAM 

- STORE 
ENABLE 

ADDRESS 

- LATCH 
ENABLE 

PORT 

- EXPANDER 
STROBE 



Figure 2. 
Logic Symbol 



TO C 1 
XTAL 1 C 2 
XTAL 2 C 3 
RESET C A 
SS C 5 
INT C 6 
EA C 7 
RD C B 
PSEN C 9 
WR C 10 
ALE C 11 
DB C 12 
DBi C 13 
DB2 C 14 
DB 3 C 15 
OB j LI 16 
DB S C I? 
DB 6 C 18 
DB 7 C 19 
V SS C 20 



35 

80C48 34 
80C35 
80C49 33 
80C39 32 



Figure 3. 
Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65° C to + 150°C 

Voltage On Any Pin With Respect 

to Ground 0.5V toVcc 

Voltage on Any Pin with Respect 

toVcc V C C + 0.5V 

Max Package Power Dissipation 1.5 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and tunctional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS <ta = o°cto70°c, v C c = v DD = 5V ± 10%. v ss = ov) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typ 


Max 


V|L 


Input Low Voltage 

(All Except RESET, XI, X2) 


-.5 




8 


V 




V|L1 


y 

Input Low Voltage 
(RESET, X1, X2) 


-.5 




.6 


V 




V IH 


Input High Voltage 

(All Except XTAL1, XTAL2. RESET) 


2 




V CC 


V 




v, H1 


Input High Voltage (X1, X2, RESET) 


3.8 




v C c 


V 




vol 


Output Low Voltage (BUS) 






.45 


V 


Iql - 2.0 mA 


VOL1 


Output Low Voltage 
(RD, WR, PSEN, ALE) 






.45 


V 


Iql = 1.8 mA 


v OL2 


Output Low Voltage (PROG) 






.45 


V 


Iql = 1.0 mA 


v OL3 


Output Low Voltage 
(All Other Outputs) 






.45 


V 


l |_ = 1.6 mA 


VOH 


Output High Voltage (BUS) 


2.4 






V 


l O H = - 40 ° > jA 


V H1 


Output High Voltage 
(HU. WH, KbhN, ALt) 


2.4 






V 


l OH = -100 n A 


v OH2 


Output High Voltage 
(All Other Outputs) 


2.4 






V 


l OH =-40 n A 


'li 


Input Leakage Current (T1. INT) 






i 10 


MA 


V SS< V IN < V CC 


l LI1 


Input Leakage Current 
(P10-P17. P20-P27, EA, SS) 






TBD 


MA 


Vss + 45 < V IN < V CC 


"LI2 


Input leakage Current 
(RESET) 






-300 


pA 


,VSS«V| N <V| U1 


'lo 


Output Leakage Current (BUS. TO) 
(High Impedance State) 






+ 10 


MA 


VSS* - 4 5<V| N <V CC 


'do 


V DD Supply Current 






10 


mA 


V DD = 2.0V 


'cc 


Supply Current 






15 
8.5 
1.5 


mA 
mA 
mA 


f = 11 MHz 
f = 6 MHz 
f = 1 MHz 


'idle 


Idle Mode Current 




500 
300 
60 




mA 
<*# 
mA 


f = 11MHz 
f = 6 MHz 
f = 1 MHz 
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Mnemonic 

IDL 



Table 1. Added Instruction Set 



Description Byle Cycles 

Select idle operation 1 1 







IDLE MODE DESCRIPTION 



The 80C48/80C49, when placed into Idle 
mode, keeps the oscillator, the internal timer 
and the external interrupt and counter pins 
functioning and maintains the internal 
register and RAM status. 

To place the 80C48/80C49 in Idle mode, a 
command instruction (op code 01 H) is ex- 
ecuted. To terminate Idle mode, interrupts 
must be enabled and an interrupt signal 
generated. There are two interrupt sources 
that can restore normal operation. One is an 
external signal applied to the interrupt pin. 
The other is from the overflow of the timer/ 
counter. When either interrupt is invoked the 
CPU is taken out of Idle mode and vectors to 
the interrupt's service routine address. A 
reset signal will also take the processor out 
of Idle mode. Along with the Idle mode, the 
standard MCS-48 power-down mode is still 
maintained. 
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For Pin Description, see page 10-15. 
For entire Instruction Set, see page 10-16. 
For Timing Specifications, see page 10-18. 
For Timing Waveforms, see page 10-19. 
For recommended Oscillator configurations, 



see page 10-20. 
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